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Following the introduction of the tissue slice and manometric technique of 
Warburg and others the oxidation of fatty acids in the normal liver has, in recent 
years, received considerable attention. Quastel and Wheatley (1933) showed that 
sodium salts of fatty acids, when added to the respiring liver slice, increased the 
oxygen consumption and the acetoacetic acid production to a very marked degree. 
In further studies Jowett and Quastel (1935a) and Edson (1935) showed that 
acetoacetic acid was produced most rapidly from those acids having 4, 6 and 8 
carbon atoms. Much work has also been carried out on the metabolism of the fatty 
liver. Meier and Thoenes (1933), working with guinea-pigs poisoned with chloro- 
form and phosphorus, stated that the oxygen consumption of the hepatic tissue was 
at least 50 p.c. higher than the normal. 


A similar result was obtained by Califano (1934) but this worker subsequently explained his 
finding as being due to the presence of unsaturated readily-oxidizable fatty acids. It is difficult to 
reconcile this statement with the conclusion expressed by the same worker that the fatty liver 
has an impaired ability to desaturate normal fatty acids. Later Califano (1937), working with 
rats and guinea-pigs poisoned with phosphorus and chloroform, stated that there was a diminished 
oxygen consumption in the fatty liver of the rat. Interpretation of his results, however, is 
difficult since no indication is given as to whether the figures cited were obtained from the rat 
or the guinea-pig. This is of importance since the oxygen consumption of liver slices from the 
latter animal is generally 2-3 times greater than that of the former. Irrespective of this however, 
the actual figures provide no basis for his conclusion nor for his statement that there is an impaired 
ability on the part of the fatty liver to oxidize added saturated fatty acids. 

The oxidation of a saturated fatty acid to a ketone involves, at some stage of the transforma- 
tion, the removal of hydrogen, possibly by a specific fatty acid dehydrogenase. This together 
with the statement that the fatty liver exhibits an impaired ability to oxidize added saturated 
fatty acids, whilst crotonic acid is readily oxidized, leads Califano (1937) to the conclusion 
that there is a disturbance of the dehydrogenation mechanisms in the livers of chloroform and 
phosphorus poisoned animals. Such an hypothesis, if true, would imply that crotonie acid is an 
intermediate in the transformation of butyric acid to acetoacetic acid. 

Jowett and Quastel (19352) have shown, however, that in the normal liver the effect of 
inhibitors upon the rate of formation of acetoacetic acid is more marked when crotonic acid is 
the substrate than when butyric acid is employed. Again, there is always a greater ketone body 
formation from butyric acid than from crotonic. It is thus clear that the available evidence does 
not support Califano’s hypothesis. 

Leites and Odinow (1936) state that in ‘‘mittleren grades’’ of liver damage following the 
administration of phosphorus, the ketone body content of the liver is within normal limits, but 
that there is an increase in severe liver damage. On the other hand with aseptic autolysis, there is a 
greater production of ketones in the phosphorus-poisoned liver than in the normal. 


Unfortunately, none of the authors quoted has attempted to assess the extent 
of liver damage produced by the various toxic agents. In addition, fat determina- 
tions were not carried out, the authors merely depending upon macroscopic appear- 
ances to provide an index. It occurred to the present author that if there is an 
impaired tolerance on the part of the phosphorus, carbon tetrachloride or chloro- 
form fatty livers to oxidize fat, then correlation of the metabolic behaviour with 
histological findings and fat content should be taken into account. 


1 Working under a full time grant from the National Health and Medical Research Council, 
Australia. 
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EXPERIMENTAL METHODS. 


Measurements of tissue respiration have been carried out at 37° C. using the customary 
Warburg vessels fitted with a single side bulb. Tissue slices of from 0-2-0-4 mm. thickness 
and approximately 100 mg. wet weight were used. After preliminary rinsing in Locke’s solution 
they were transferred to the outer chamber of the Warburg vessel containing 3-0 ml. of Locke’s 
solution buffered with 0-067 M. sodium f§-glycerophosphate. In general, two or three slices were 
used in each vessel since this eliminates, to a large extent, any chance variations. Under these con- 
ditions it has been possible to obtain oxygen consumption values which are within the inherent 
experimental error. 

To absorb carbon dioxide, rolls of filter paper saturated with 0-4 ml. of a 0-6 p.c. KOH solu- 
tion were placed in the inner chamber of the vessel. After gassing with oxygen the manometers 
were transferred to the bath and, after equilibration, readings were taken at quarter hour intervals 
for a two hour period. 

Animals. The animals used were well-fed male guinea-pigs, weighing from 250-300 gm. and 
sustained on a diet of bran and cabbage. 

Fatty acids. The fatty acids were used as the sodium salts, the final concentration in the 
vessels being 0:01 M. Some samples were obtained as analytical reagents from B.D.H. and 
— Kodak, and others through the courtesy of Associate-Professor Davies of the Melbourne 

niversity. 

Determination of water and fat content. In this paper fat refers to the material extractable 
from the liver tissue by means of a 70/30 aleohol-ether mixture. For its determination a weighed 
sample of liver tissue was taken immediately after the death of the animal and finely ground in a 
mortar. After rinsing the tissue into a volumetric flask with warmed alcohol the contents were 
heated to boiling and made up to volume with ether. Aliquots were withdrawn and after evapora- 
tion to dryness in a current of carbon dioxide, the residue weighed. 

Estimation of acetoacetic acid. After the two hour period during which the oxygen con- 
sumption was measured, the flasks were removed from the bath and packed in ice to prevent 
breakdown of §-ketonic acids. For the determination of the dry weight the liver slices were 
removed and, after rinsing in distilled water, dried for one hour at 110°C. The KOH-saturated 
filter paper was removed from the central chamber which was rinsed with acid and the excess fluid 
removed with filter paper. Acetoacetic acid (f8-ketonie acids) was estimated in the fluid from 
which the slices were removed by a manometric method employing aniline citrate in an acid 
medium as described by Edson (1935). This estimation was carried out at 37° C. since it was 
shown by Jowett and Quastel (1935b) that at this temperature and under similar experimental 
conditions there is but a small proportion of the acetoacetic acid broken down in the time neces- 
sary for the equilibration of the manometric vessels. 

Expression of results. According to the usual notation, the oxygen consumption is expressed 
by the symbol 80, which is defined as the number of emm. of oxygen consumed per mg. of 
dry tissue per hour. In investigations on normal tissues there is no objection to this procedure 
since the lipoid content remains fairly constant. When, however, one is dealing with fatty livers 
with a fat content up to 20 gm. p.c. it is obvious that the results expressed by means of the con- 
ventional notation may be misleading. 

In view of this, my results have been expressed as follows: 


%, In contrast to %0, (defined above) this symbol now represents emm. of oxygen con- 


sumed per mg. of dry, fat-free tissue per hour. 


c 
A,, In contrast to "/., (emm. of CO, equivalent to acetoacetic acid produced per mg. of 


dry tissue per hour) this symbol represents the number of emm. equivalent to acetoacetic 
acid produced per mg. of dry, fat-free tissue per hour. 


Q 


RESULTS. 
The preliminary experiments were carried out on normal liver tissue and the results obtained 


are shown in Table 1. This table shows: (a) the relationship between %0, and %,,. and "., and 


%. and (b) the values for %, and %. in the presence of the following fatty acid substrates, 
Crotonic (Ce ), Butyrie (C4), Hexanoie (Cg) and Octanoic (Cg). 
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TABLE 1. 


Oxygen consumption in the normal liver. 
No added substrate 
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It will be noted that the values obtained when the fat content is taken into consideration are 
rather higher than when the calculations are based merely upon dry weight. The oxygen con- 
sumption rates for guinea-pig livers are in good agreement with those obtained by other workers 


and, whilst the mean “. values also show good agreement, the range of values is not nearly as 
great as that quoted by Jowett and Quastel (1935a). These workers state that the highest value 
obtained was 0-7 but from my results the value 0-3 represents the uppermost limit of the rate 
of production of acetoacetic acid in the normal slice without the addition of substrate. In- 
variably the addition of crotonic, butyric, hexanoic and octanoic acids results in a marked in- 


crease in “. and %,, which is generally more apparent in the case of the last three named acids. 


Carbon tetrachloride treated animals. Al! injections were made subcutaneously, the carbon 
tetrachloride being diluted with an equal volume of olive oil. In an attempt to gain some 
information on the relationship of liver damage to metabolic behaviour the animals have been 
divided into two series: (i) those exhibiting no microscopic signs of necrosis, hyperplasia or 
mitoses, and (ii) those whose livers upon examination showed varying degrees of tissue injury. 

Table 2 illustrates the results obtained from series (i). Here fat accumulation was the 
only histological change. 


TABLE 2. 
Oxygen consumption and acetoacetic acid production in the carbon tetrachloride fatty ler. 


Series (i). 
Added substrate 
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Treatment of animals. The animals used in the above experiments were treated in the follow- 
ing fashion: 


Experiment No. Treatment. 


28 1 injection of 0-1 ml. CCly, killed 18 hours after. 

31 1 ” » 0-15 ml. ,, ” 

21 2 » O-lml. two days, killed on third day. 

23 2 ” » Olml. ” ” ” » ” 

24 ” » ” ” ” ” 

18 3 , thee , a 

43 3 ” » O15 ml. ,, ” ” ” ” fourth ,, 

25 , ter » » fifth 

44 5 » O°15 mil. ,, five , re Seventh ,, 

52 5 re » 9-15ml. ,, injected on the Ist, 4th, 5th, 6th, 7th days and 
killed on 10th day. 

29 7 i each of 0-05 ml. injected on the Ist, 2nd, 3rd, 4th, 5th, 7th and 8th 


days. Animal killed on 41st day. 
26 12 - each of 0-05 ml. given on the Ist, 2nd, 3rd, 4th, 6th, 7th, 8th, 9th, 
10th, 11th, 13th and 14th days. Animal killed on 15th. 


In the above experiments the results obtained in the absence of substrate were calculated on 


both the basis of dry weight and dry fat-free weight. The %, values generally show an increase 
over the normal value when the fat content exceeds 10 p.c., the highest figure obtained being 
approximately twice normal. Animals 1 and 31 receiving only a single injection of carbon tetra- 
c 
~~. but the %. shows a definite tendency 
towards an increase. This increase becomes definite in the case of animals 21-24 inclusive, the 


Qe 


%, exceeding the normal only in the case of animal 21. The increase in %, and “A, becomes 
very definite in animals 18, 43, 25 and 44 which had been treated with somewhat greater doses for 
longer periods. Animal 29 presents an excellent example of the manner in which the liver is 
able to recover from a prolonged course of injections. In this case it is seen that there was a 


chloride exhibited no increase in fat content or the 


c 

compiete return to normal with respect to the fat content and the %, whilst the %. is perhaps on 
the higher limit of the normal value. This slow return to normal on the part of the acetoacetic 
acid production coupled with a normal oxygen consumption will receive further consideration in 
the experiments dealing with phosphorus poisoning. Animal 26 presents an intermediate result 
in that even after 12 injections and although there was still on increased fat content there is no 
evidence of any impairment in the oxygen consumption or ketone body production. A point of 
further interest is that in no case is there any evidence of any inability on the part of the livers 
examined in this series to oxidize added fatty acid. The response in all instances was analogous to 
that obtained in the normal liver. 

The results obtained in series (ii)—livers showing microscopic evidence of liver damage— 
are given in Table 3. . 

TABLE 3. 


Oxygen consumption and acetoacetic acid production in the carbon tetrachloride fatty liver. 


Series (ii). Added substrate 


Og A, Og A, 0, A, Og A, 
32 9-6 4-1 0-2 7:0 0-4 11-2 3:3 13-8 3:7 
42 10-9 4-4 0-3 7:4 O-4 22-0 0-4 15-1 
33 11-9 5-5 0-2 9-4 0:3 11-8 2-4 13-0 2-1 
30 11-4 8-5 0-6 14-2 1:0 18-3 4-0 
53 13°+5 6-4 0-0 12-3 0-0 16°5 2-7 
54 14-7 6-0 0-2 12-6 0-5 17-1 3-2 
55 16°5 6-0 0-3 13-9 0-8 18-2 3:8 
57 12-0 8-3 0-2 16:0 0-4 20-0 
34 10-5 0-2 11°3 3:4 16-4 4-0 
48 12°3 6°5 11-4 O-1 15-8 3:3 
49 8-9 5-3 0-0 7-7 0:0 14:0 2-3 
51 11-6 6-3 O-1 O-1 17-6 3:6 


= 
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The Pathologist ’s report upon the livers from the above experimental animals and the details 
of their treatment are shown in the following chart: 


PATHOLOGIST’S REPORT. 


2 Slight fatty change. A few small doubtful patches of necrosis with early hyperplasia. 

42 Moderate fatty change and extensive patches of hyperplasia. 

33 Very slight fatty change. Patchy necrosis with early hyperplasia probable in places. 

30 Marked fatty change. Very slight patchy necrosis with early hyperplasia probable. 

53 Fatty change with patchy previous necrosis and some regeneration and mitoses. 

54 Fatty change with patchy previous necrosis and some regeneration and mitoses. 

55 Fatty change. Evidence of previous patchy necrosis with marked reactionary and re- 
generative changes with many mitoses. 

57 Fatty change. Evidences of severe recent necrosis with reaction changes and many 
mitoses. 

34 Gross necrosis of liver tissues—patchy in distribution, chiefly central, apparently fairly 
recent. Evidence of regeneration. 

48 Considerable patchy liver cell damage has occurred with fatty accumulation—a fair 
number of mitoses indicating regeneration. 

49 Considerable patchy liver cell damage has occurred with fatty accumulation—a fair 
number of mitoses indicating regeneration. 

Changes similar to but slighter than those of 48 and 49. 


Treatment of Animals. 


Experiment No. Treatment. 
32 injection of 0-15 ml., killed 17 hours after. 
42 


1 
2 » 9» 99 yy On Ist and 2nd days, killed 3rd day. 
2 a » 99 yy On Ist and 2nd days, killed 3rd day. 
30 3 re » 9 99 On Ist, 2nd and 4th days, killed on 6th day. 
53-57 ine. 3 ~ » 9» 9, On Ist, 2nd and 3rd days, killed on 4th day. 
34 3 me » 99 9, On Ist, 2nd and 3rd days, killed on 4th day. 
48 4 » » 99 99 On Ist, 2nd, 3rd, 44th, 45th, 47th, 50th, 52nd, 55th, 
— 60th, 63rd, 67th and 71st days. Killed and 72nd 
ay. 
» 9 9 OD Ist, 2nd, 3rd, 44th, 45th, 47th, 50th, 52nd, 55th, 
57th, 60th, 63rd, 67th and 71st days. Killed on 74th day. 
51 10 “ » yy On Ist, 3rd, 6th, 8th, llth, 14th, 18th, 23rd, 28th 
and 33rd day. Killed on 35th day. 


_ 


49 


The results illustrated in this Table in respect of %,. %,., % and %, are essentially the 


same as those recorded in Table 2. There was a marked increase in the oxygen consumption 
when the fat content exceeded 10 p.c., whilst the acetoacetic acid formation was greater than normal 
even before any change in the oxygen usage was discernible. This is well illustrated in the case 
of guinea-pigs 32 and 42, both of which evidenced early signs of liver damage. The increase in 


%, is first apparent in pig 33 but in this case the acetoacetic acid formation was scarcely in 


excess of the normal figure. A greater number of injections results in a much more definite 
reaction as seen in animals 30, 53, 54, 55, 57 and 34. Here the %, is approximately twice the 


normal value and with one exception the “i, is considerably increased. Those animals which 


had undergone an extensive course of injections present a somewhat similar picture in so far as the 
oxygen consumption is concerned. Here there is no evidence of any detrimental effect of the liver 


damage upon the general oxidation mechanisms and, whilst the %. values are quite normal, 


the power of the liver to respond to added substrate by an increase in oxygen uptake and ketone 
body production was unimpaired. 


Phosphorus treated animals. In these experiments the animals received orally 1 mg. of white 


phosphorus dissolved in olive oil on alternate days. The results are shown in Table 4 and the 
pathological findings are appended. 


4 
Exp. No. 
‘ 
’ 
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TABLE 4. 

Fat No added substrate C, Cy No. of 
Exp. gm. Q Q Qe Qe treat- 
No. p.c. Og A, 02 A, Os A, 0, A, ments 
41 6-2 0-6 13:0 0°8 15:0 3-0 19°4 4-1 3 
20 6-2 5*7 0-6 7:5 0°8 10-8 3:3 14:9 4-2 4 
37 7-0 12-0 0-2 16:5 18-5 20-2 3:2 4 
36 19-2 3°8 0-2 7:4 0-4 8-1 1-9 10-3 «1-9 7 
22 5:6 11-3 0-2 14-1 2-0 2-3 8 

PATHOLOGIST ’S REPORT. 
Exp. No 


37 Little fatty change. Large areas of hyperplasia present chiefly at the periphery of the 
lobules. Here and there patches of probable previous necrosis present. 


36 Slight general fatty change. Evidences of previous degeneration of cells chiefly at the 
periphery of lobules with superimposed regeneration with mitotic figures. 


41 Widespread necrosis with early patchy hyperplasia. 


None of the animals used exhibited toxaemic symptoms and, whilst the series is small, the re- 
sults are sufficiently definite to warrant the conclusion that the livers of animals treated with phos- 
phorus exhibit no impairment in their abilities to oxidize either the fat normally present or added 
fatty acids. Moreover, there is no evidence of any decrease in the oxygen consumption. 

The relationship between the extra oxygen consumption arising from the addition of fatty 
acids in normal and fatty livers. From the preceding experiments it is clear that the addition 
of fatty acids to normal and fatty livers is followed by a definite increase in the oxygen consump- 
tion. In order to obtain a comparison of the extra oxygen uptake when fatty acids are added 


c 
the values for the extra °0, are shown in Table 5. These were calculated from the data shown in 
Tables 1 to 4 inclusive. 


TABLE 5. 
Extra “Og, in the presence of butyric acid. 
Table 1 Table 2 Table 3 Table 4 
(Normal livers). (CCly no (CCl, definite Phosphorus 
hepatic damage). hepatic damage). poisoning. 
3-9 6-8 5-0 
3°2 6-9 7°7 5-1 
3°5 3°6 6°5 
3-2 2°5 4-1 4-3 
7°3 4-2 8-5 
4-8 3-4 4-5 
4-9 5:5 4-3 
9-0 4-6 4-0 
6-2. 2-9 5-1 
6-1 4-4 
6-4 
Mean 5:1 5-0 5-0 5-9 


Consideration of the above results lends additional support to the view that there is no sig- 
nificant difference between the abilities of the normal and damaged livers to oxidize added sub- 
strate. 


4 
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DISCUSSION. 


It is obvious that calculation of the results upon the basis of fat free tissue 
leads to greater values. The criticism could be made that the magnitude of the 


2%, will depend upon the amount of fat present in the liver. Similarly, a normal 


value for %, obtained in a liver wherein the fat content is 3 to 4 times in excess 
of the normal figure would be indicative of a greater oxygen usage by the actual 
respiring tissue than by its normal counterpart. Such reasoning is, of course, based 
upon the assumption that the part played by the fat is merely that of a diluent. 
That these criticisms have no basis becomes apparent when investigations are made 
into metabolic behaviour of livers made fatty by treatment which does not of neces- 
sity result in damage to the tissue concerned. During the course of some investiga- 
tions concerning the metabolism of fatty livers resulting from treatment with 
anterior pituitary extracts the author has found that even when the fat content has 
risen to 20 gm. p.c., and although there is an increased production of ketone bodies, 


c 
there is scarcely any departure from the normal %,. These results will be pub- 


lished in a later communication. 

Again, Cook and Edson (1936) find that there is no difference in the oxygen 
consumption of the cholesterol fatty liver even when the results are calculated on 
the basis of dry fat-free weight. Such experimental evidence indicates therefore 
that there is a very real difference between the behaviour of livers from carbon 
tetrachloride and phosphorus-treated animals and those whose fatty livers are due 
to the injection of anterior pituitary extracts or cholesterol feeding. 

Neglecting the results of these latter experiments, which will be discussed in 
a later communication, it is clear that if large amounts of fat are transported from 
the body depots to the liver then the actual amount of fat in this organ will depend 
upon the balance established between transport and catabolism. Furthermore, 
the presence of such excessive amounts of fat necessitates its removal for which 
process oxygen is necessary. This demand for oxygen must be met either by an 


inerease in the 0, or presuming the latter to remain at normal levels at the ex- 
pense of other metabolic processes requiring oxygen. In my experiments there has 
been a definite increase in the oxygen uptake. 
It is generally supposed that an organ in which there is extensive tissue de- 
struction there will be a lowered oxygen consumption and it might therefore be 
expected that livers showing histological evidence of damage would have a lowered 


%0,. This, however, is not the case and the results obtained clearly indicate the 
ability of the liver to maintain its normal processes under adverse circumstances. 


Whilst the magnitude of the increase in the %o, appears to be greater than would 
be demanded by the amounts of acetoacetic acid appearing, it is clear that the 
presence of mitoses and regenerative changes cannot be responsible for portion of 
this oxygen uptake (compare Tables 2 and 3). It must, therefore, be concluded 
that the livers of animals treated with carbon tetrachloride and phosphorus exhibit 
high oxygen uptakes which are partly associated with the fat increase but which 
also may be connected with a general increase in the liver metabolism. 
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SUMMARY. 


The oxygen consumption of liver slices from animals treated with carbon 
tetrachloride and phosphorus is considerably in excess of normal. 

The rate of ketogenesis is also markedly increased. 

There is no impairment on the part of the fatty livers to oxidize added sub- 
strate. 

There is no apparent association between the metabolic behaviour and histo- 
logical findings. 


c 
It is thought that this increase in 0, is partly associated with the increase in 
fat and, further, is possibly indicative of an increase in general metabolism. 


Acknowledgment. The author wishes gratefully to acknowledge the kindness of Dr. R. A. 
Willis, Pathologist to the Alfred Hospital, for carrying out all the histological investigations, the 
results of which are included in this communication. 
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THE AFFINITY OF NEWCASTLE DISEASE VIRUS TO THE 
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The virus of Neweastle Disease was originally isolated by Doyle (1927) dur- 
ing an epizootic amongst fowls near Neweastle-on-Tyne. Other outbreaks have 
been described chiefly from Asiatic countries; the disease seems to be endemic in 
Japan, India, the Netherlands East Indies and the Phillipine Islands. Neweastle 
disease has some superficial resemblance to fowl plague but has been clearly dif- 
ferentiated from it by various workers (see Burnet and Ferry, 1934). Two out- 
breaks occurred in Victoria in 1930 and 1932; these have been described recently 
by Albiston and Gorrie (1942). They consider that the infection was probably 
introduced from the East Indies but the actual origin was never traced. The 
Victorian virus isolated from the 1932 epidemic and kindly given to me by Dr. 
H. E. Albiston in 1934 was used throughout the present work. A sample of this 
strain had been sent to England for identification and was shown by Doyle to be 
similar antigenically to his standard strain. The clinical and experimental lesions 
and symptoms produced by the Victorian strain corresponded closely with those 
described by Doyle and there is therefore every reason to regard this strain as a 
fully typical one. 

Doyle’s strain of Newcastle disease virus (N.D.V.) was propagated in chick 
embryos by Burnet and Ferry (1934). Multiplication of the virus took place freely 
after chorioallantic inoculation and death of the embryo was invariable. Hae- 
morrhagic lesions, particularly in the developing feather follicles, were the most 
obvious feature in dead embryos. 

When highly active egg-passage strains of influenza virus were first developed 
(Burnet, 1936) we were struck by the resemblance of the lesions to those of 
Neweastle disease virus. In both there is rapid generalization of infection from the 
initial chorioallantoic lesions with multiple haemorrhages the site of which varies 
with the age of the embryo. At the time however we interpreted this merely as a 
convergence of symptoms resulting from the acquisition by the influenza virus 
strains of capacity to invade the blood and multiply in capillary endothelium. In- 
terest in the relation was restimulated by the appearance of Hirst’s paper on 
agglutination of hen erythrocytes by embryonic fluids containing influenza virus 
(Hirst, 1941). In the course of work on this reaction we tested several other 
viruses which could or might produce high virus concentrations in the embryonic 
fluids. The only one to produce fluids with agglutinating power for red cells apart 
from influenza viruses was the Victorian strain of N.D.V. Further comparison 
showed sufficient points of similarity to justify the claim that N.D. virus is a mem- 
ber of the influenza group and may be almost as closely related to influenza A and B 
viruses as these are to each other. 


METHODS AND MATERIALS. 


Virus strains. In addition to the N.D.V. strain received from Dr. Albiston in 1934 the 
influenza virus strains ‘‘ Melbourne’’, ‘‘ W.S.’’, ‘‘Swine 15’’ and ‘‘B (Lee) ’’ were used. These 
are all standard strains which have been frequently described. All were used in the form of 
embryonic fluids obtained after infection with material that had had a variable number of 
amniotic passages but had been fully adapted to mice before these passages were commenced. 
They were fully virulent for mice and with the exception of ‘‘B (Lee) ’’ of moderate virulence 


1 Work carried out with the aid of grants for research on Virus diseases from the National 
Health and Medical Research Council and from Mr, E, Alee Cato. 
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for ferrets. The type B influenza virus produces no symptoms or temperature rise in ferrets 
but gives a moderate antibody response. 

Methods of inoculation. Chick-embryos at the 12th day of incubation were inoculated by 
chorioallantoic or amniotic methods according to the usual technique; occasionally suballantoic 
inoculations were made. The eggs were examined about 44 hours after inoculation when most of 
those inoculated with N.D.V. would be found recently dead. With limiting dilutions embryos 
sometimes survived 24 hours longer. Asa routine both amniotic and allantoic fluids were removed 
from embryos inoculated amniotically and the pooled fluids from several embryos represented the 
‘*stock virus’’ used in the experiments. The fluid was kept in the refrigerator (4°-6° C.) and 
maintained its titre well for two or three weeks. 

Mice and ferrets were inoculated by standard methods. 

Hirst phenomenon. The technique used is based on a modification of Hirst’s technique sug- 
gested to us by Miss D. Lush of the National Institute of Medical Research, London. In principle 
it depends on the different patterns made by the deposition in the cold of agglutinated or unagglu- 
tinated cells on the bottom of a fairly wide bore (1-0 em. internal diameter) round-bottomed tube. 
Since in many experiments three components, virus, antiserum and red-cell suspension are needed, 
all tubes contain finally three volumes; in our experiment the unit volume was 0-25 ¢.c. In a direct 
titration of virus doubling dilutions in saline usually from 1: 10 to 1: 1,280 were made, 0°25 e.c. 
of saline was added to each tube and then 0-25 ¢.c. of a 2 p.e. suspension of washed fowl-erythro- 
cytes. The racks were then placed in the refrigerator and left undisturbed for two hours. In 
the absence of what we may term virus-agglutinin (V-A) (until it is clear whether the virus 
particles are actually responsible for the phenomenon), the cells settle down into a small lentiform 
deposit at the bottom the tube with a smooth circular margin. Agglutinated cells settle more 
rapidly and adhere temporarily at least to whatever portion of the hemispherical bottom of the 
tube they first contact. As the deposit accumulates, little ‘‘landslides’’ oceur giving a charac- 
teristically ragged appearance to the edge of the deposit of cells. This slipping of agglutinated 
cells to the bottom of the tube takes place more readily at higher temperatures; if a rack of tubes 
is left too long at room temperature before being read it may be found that what was initially a 
typically ‘‘ positive’’ tube has a deposit which to a casual glance may appear negative. With 
a lens however the difference between this secondary accumulation of agglutinated cells at the 
centre and the primary negative reaction can be distinguished for some hours at least. In the 
tables the intensity of reaction is roughly indicated by the series +++, ++,+,tr. +++ isa 
maximal reaction showing the typical landslide appearance, +-+ complete or nearly complete 
agglutination but finer in grain and tending to remain adherent to the sides of the hemisphere, 
+ incomplete agglutination with a definite lentiform centre but granular deposit peripherally, 
tr. is used for very light but distinct peripheral granulation not visible in negative control tubes. 
A reaction of value + is taken as the end-point in titrations, since it is at dilutions around this 
value that the character of the deposit changes most rapidly with change in concentration. 

Serum titrations are carried out as follows: An appropriate standard immune serum is chosen 
for each virus—a ferret serum for each influenza virus, but for Newcastle disease virus we used 
at first a small amount of hen immune-serum prepared some years ago by Dr. E. V. Keogh (see 
Burnet, Keogh and Lush, 1937), and more recently a rabbit immune-serum. The standard 
serum is diluted 1: 100 and a unit volume added to tubes containing suitably chosen concentrations 
of virus in the same volume. These are shaken and allowed to stand for a few minutes, fowl 
red-cells are added and the reaction read after two hours in the refrigerator. Mixtures showing 
+ agglutination are assumed to contain equivalent amounts of virus and antibody. This gives a 
standard concentration, say 1: 8 of virus of which is equivalent to 1: 100 of standard serum. De- 
pending on circumstances either 1: 8 or 1: 80 (equivalent to 1: 1,000 serum) dilution of virus is 
used in a titration of unknown sera. This allows the strength of the serum to be expressed at once 
as a fraction or multiple of the standard serum, e.g. when a serum diluted 1: 64 gives + reaction 
with 1: 80 virus the strength of the serum is taken as 64/1000 or 1/168. 


RESULTS OF INOCULATING N.D.V. IN CHICK EMBRYOS BY VARIOUS ROUTES. 


Chorioallantoic. The account given by Burnet and Ferry (1934) of the results of chorio- 
allantoic inoculation of N.D.V. was based on the use of eggs at the 10th day of incubation. With 
our present standard method of using 12-day eggs and dropping the membrane with the aid of a 
saline drop the appearances are somewhat different, haemorrhagic encephalitis being a much 
more conspicuous feature. 

The infection is invariably fatal, death occurring from 24 to 72 hours after inoculation. 
As a rule embryos inoculated in the afternoon are found dead when examined 42 to 44 hours 
later, except for a few with minimal doses which are usually dead by the late afternoon. Embryos 
alive on the third day are not infected. With high dilutions of virus, well marked specific foci are 
produced on the chorioallantois and many membranes are indistinguishable from membranes 
infected with ‘‘W.S.’’ or ‘‘Melbourne’’ egg-adapted strains of influenza virus. The production 
of satellite foci is much more frequent than with strains of influenza virus and for obvious reasons 
is particularly common in membranes with only one or two primary foci. As these embryos 
survive for 2} to 3 days there is greater opportunity for diffusion or transport of virus to give 
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rise to secondary foci. Asa rule there is no great difficulty in estimating the number of primary 
foci when the count is below twenty or thirty. With high concentrations of virus it is almost 
the rule for membranes to show no macroscopic lesions whatever. This is in part due to the rapid 
death of the embryo but there is probably also a local inhibition of reaction when very large 
numbers of primary foci are initiated. Embryos recently dead show macroscopic lesions which 
are almost exactly similar to those produced by egg-adapted influenza strains. When the infecting 
dose is small the skull is usually found distended with an intense purple haemorrhagic encephalitis 
which provides an immediately visible index that the death of the embryo was specific. Multiple 
haemorrhages are also present in the pectoral muscles and less regularly in the skin. Embryos 
dying after inoculation with large amounts of virus show less obvious damage to the brain but 
more diffuse haemorrhages in the pectoral muscles. On the whole the viscera tend to show more 
haemorrhages than is the case with infections due to influenza virus; a common experience with 
N.D.V. is to see the coils of intestine which lie outside the body cavity red with close-set petechial 
haemorrhages. We have never observed this with influenza virus infections. 

If we take the concentration of virus-agglutinin as a measure of the concentration of virus in 
different organs and fluids it becomes evident that very active multiplication takes place in the 
viscera. The agglutinin titres obtained in terms of original fluid or organ substances from 
embryos inoculated chorioallantoically were: Allantoic fluid 20; amniotic fluid < 2; liver 1,600; 
lung 1,200; brain 300. 

Since the method gives two ways of assessing virus activity, the focal count and the number 
of specific embryo deaths, chorioallantoic inoculation is the method of choice for titration of 
Neweastle disease virus. 

Amniotic. Embryos inoculated amniotically with N.D.V. are frequently dead at 24 hours; 
but with minimal doses or with virus almost inactivated by serum, infected embryos may survive 
for two days. The allantoic fluid may be clear or slightly turbid, it is usually present in normal 
amount but on several occasions has been noticed to be unduly viscous. Amniotic fluid is usually 
reduced in amount and visibly turbid. Tracheal fluid is turbid to varying degrees and almost 
always contains a proportion of blood. The embryo shows the characteristic brain and muscle 
haemorrhages and apart from occasional haemorrhages the lungs show no macroscopic lesions. 

Both allantoic and amniotic fluids contain large amounts of virus, the pooled fluids being 
infective by the amniotic route in a dose of 0-05 ¢.c. at dilutions of 1: 108 or 1: 10% The V—A 
content is higher in amniotic (1: 800) than in allantoic fluids (1: 200) but there is so much 
greater volume of allantoic that most of the pooled stock fluids we have used have had a V-A 
titre of from 1: 200 to 1: 320. 

The histological appearances of tracheal smears and embryo lung sections from amniotic 
inoculations will be described in a later section. 

Suballantoic. Inoculation of N.D.V. intu the allantoic cavity by the method recently de- 
scribed (Burnet, 1941) results in free multiplication of virus and specific death of the embryo. In 
one such experiment, three allantoic fluids removed about 44 hours after inoculation all showed 
agglutinin titres approximately 1: 320. In two the amniotic fluid showed no agglutination at 
1: 10 while the other was active to 1: 40. The virus titre of the allantoic fluid was very high 
8, 6, 4, foci being shown with 0-05 ¢.c. of 10~ dilution. In our experience only Neweastle disease 
and the influenza viruses have this capacity to give high titre infections when introduced into the 
allantoic cavity. 


Range of Species Whose Red Cells are Agglutinated by N.D.V. 


The only report in regard to the agglutination of red cells other than those from fowls or 
chick embryos that has been published is contained in the paper by McLelland and Hare (1941). 


TABLE 1. 
Activity of N.D. virus on different types of red blood cell. 
Stock virus dilutions. 
lin 10 20 40 100 


Man +++ ++ + 
Monkey (M. irus) 

Ferret 

Sheep 

Horse 

Rabbit 

Guinea-pig 

Mouse 

Marsupial mouse (Smynthopsis) 
Fowl 

Sparrow 

Tortoise 

Frog (Hyla) 


+ 


++ ++ 


141 1 


+4 
+ ++ ++ 
+ 
+ ++ | t+ 


+ 


200 400 
tr 
tr 
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They found that human and guinea-pig cells are also susceptible. We have made a fairly 
extensive survey of differeut vertebrate species and the results for N.D.V. are shown in Table 1. 
Without exception the types of cell agglutinated are those readily agglutinated by all normal 
influenza strains. A number of species give cells insusceptible to N.D.V. but agglutinated by one 
or more strains of influenza virus. These include monkey, ferret, sheep, mouse, marsupial mouse 
and tortoise, but none of these are as rapidly and completely agglutinated as the cells susceptible 
to both influenza and N.D.V., and there are curious irregularities in the action of different 
virus strains. In the one experiment made tortoise cells were agglutinated only by swine influenza 
virus. It is of interest to note that vaccinia virus agglutinates none of the mammalian cells that 
we have used (Nagler, 1942). The partial correspondence in the range of red cell agglutinated 
by N.D.V. and influenza virus therefore adds further evidence of the close relationship of the 
viruses. 


Titration of Newcastle Disease Virus by Different Methods. 


Two stock batches of N.D.V. (pools of fluid from four and five embryos) and one single 
fluid were titrated in parallel using chorioallantoic or amniotic and Hirst red cell methods. It 
will be seen from Table 2 that all three fluids were of practically equal titre giving + agglutination 
at a dilution close to 1: 200 and producing fatal infections in a volume of 0-05 ¢.c. at a dilution 
of 10. In the course of the chorioallantoic titrations particular attention was paid to the limiting 
infective dilutions to determine how frequently infection of the embryo was produced in the 
absence of focal lesions. Fourteen specifically dead embryos were available which, judging by 
the focal counts obtained in the titrations, were infected by an average of two or less focus- 
producing doses. Of these twelve had definite foci (1 to 3 primary foci often with numerous 
satellites), one showed a doubtful spot and one no trace of a specific focus. 


TABLE 2. 
Comparative titrations of N.D.V. stock fluids. 


(1) Hirst red-cell tests. 


Fluid 10 20 40 80 160 320 
Pool 58487 &. +++ +++ ++ ++ + tr ion aa 
Pool 58895&. +++ ++ ++ ++ 44 + 


(2) Chorioallantoic membrane titration. 
58895 40 + + 9 9 7 3 1 1 
as 4 6 7 1 1 0 0 0 0 
58592 50+ 21 + 12 10 9 0 


(3) Amniotic inoculation. 


58487 + + + + + + = 
58592 + + + + + + + — (-) 


See text for interpretation of symbols used for red-cell tests in (1). 

(2) Figures show numbers of primary foci on membranes, + specific infection with diffuse 
secondary foci and uncountable. 

(3) + death with specific haemorrhages; (—) death without specific haemorrhages; — sur- 
vival of embryo for three days without lesions. 


Neutralization Tests with Immune Serum. 


A small amount of immune hen serum prepared by Major E. V. Keogh in 1936 was available. 
This showed high activity in inhibiting the agglutinin effect in vitro and a distinct but much 
less effective action in inactivating the virus as tested by amniotic inoculation. Serial dilutions 
of the immune serum were tested against a constant dilution (1: 5) of stock virus 58487. The 
equivalent point with + agglutination was a serum dilution of 1: 800 to a virus dilution of 1: 5, 
a ratio of serum to virus of 1: 160. Ina neutralization test serum diluted 1: 10 was tested against 
the same stock virus diluted 107, 10~*, 10-*. All the embryos inoculated with the first two mixtures 
died in two days, all but one showing specific haemorrhages. The embryos inoculated with virus 
10™ plus serum gave three survivals to three days and one non-specific death at 24 hours. With 
this type of experiment the ratio of serum to virus at the neutral point is 10°-10*: 10 say 300: 1, 
in other words the serum appears to be about 50,000 times as effective in neutralizing the red-cell 
agglutinin as it is in inactivating the virus for amniotic tests. 
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There is no demonstrable serological relationship between Neweastle disease virus and any 
available type of influenza virus as far as can be judged by tests using Hirst’s method. Five 
sets of doubling dilutions of N.D.V. were prepared and an equal volume of standard immune serum 
diluted 1: 100 or saline was added to each tube. Ferret sera corresponding to ‘‘W.S.’’, ‘‘ Mel- 
bourne’’ and ‘‘B (Lee) ’’ were used for three rows, N.D.V. serum diluted 1: 100 and saline for 
the remaining two. Readings two hours after the addition of fowl red cells showed no diminution 
whatever of titre in the presence of the anti-influenzal sera while the N.D.V. serum was active 
from a virus dilution of 1: 6 onwards. Similar tests made with seria! dilutions of ‘‘W.S.’’ and 
‘*B’? virus showed no detectable difference between the end points when saline or N.D.V. serum 
(1: 100) was added. In each case the homologous serum showed the normal high neutralizing 
activity. 

Many ferret sera show a certain amount of non-specific inhibition of agglutination by in- 
fluenza or N.D. viruses when tested in low dilutions and it is impossible to be certain that there is 
no minor common antigenic component. 


Histological Changes in Embryos Inoculated Amniotically. 


Since we were primarily concerned only with the relationship between Neweastle disease and 
influenza, attention was confined to changes in the tracheal fluid and the lungs. In view of the 
rapidly lethal character of the infection the time during which satisfactory tracheal smears can 
be obtained is very limited. On several occasions visibly turbid fluids have been obtained from 
embryos still alive but showing definite brain haemorrhages. Autolysis appears to be particularly 
rapid in chicks killed with N.D.V. and very little can be made out in a smear from a dead embryo. 

Satisfactory tracheal smears from living embryos have shown a general resemblance to the 
most acute type of influenza virus reaction but the cell damage is more acute. As with influenza 
virus there are considerable differences between smears from different embryos. In some, cells 
corresponding to the large vacuolated cells of influenza are predominant but with N.D.V. they are 
characteristically present in agglutinated masses in which it is impossible to pick out the outlines 
of individual cells. Vacuolation involves both cytoplasm and nucleus but the vacuoles are much 
less clearly defined than with influenza and the whole substance of the cell gives the impression 
of having lost its cohesion and organization. Some smears show numerous cells with the nucleus 
broken into a small number of heavily staining circular fragments. Again some of these are 
indistinguishable from the corresponding cells from influenza virus material but most show a 
much greater degree of cytoplasmic disintegration. Leucocytes vary in number: when present 
they break up with abnormal ease and usually present the appearance of a shower of free 
eosinophil granules distributed around a more or less recognizable nucleus. 

Lung sections. Sections have been made from the lungs of six embryos which were alive 
but which showed the typical haemorrhagic encephalitis and would have died within a very few 
hours. Some were obtained at 23 to 28 hours, others from 44 to 52 hours after inoculation, de- 
pending on the dose given. Of these two showed no recognizable alteration from the normal, the 
other four showed specific damage to the epithelial lining of the bronchi and their various sub- 
divisions. Section of the lung of embryo 58977 showed the characteristic findings well and may 
be described as an example. This embryo received virus diluted to 10~ (limit of infection) and 
was alive with typical haemorrhages in the brain and elsewhere 50 hours after amniotic inocula- 
tion. Under a low magnification the only immediately visible abnormality was the presence of 
desquamated cells in the lumen of a large bronchus and in nearly all the parabronchi. The general 
architecture of the lung at this stage of development was preserved and the saccules budding out 
from the walls of the parabronchi, to form eventually the pulmonary air capillaries, appeared to be 
at their normal degree of development. 

When examined under the high power characteristic cellular changes were seen to be wide- 
spread. The epithelial lining of a large bronchus showed patchy proliferation and minor 
degrees of disorganized arrangement. In these areas various types of nuclear change were visible 
with the typical disintegrated nucleus in the form of 3 to 8 deeply staining spheres of chromatin 
as the end product. In the parabronchi there were patchy areas of irregular epithelial proliferat- 
tion with characteristic nuclear changes. The earliest change recognizable was a distension of 
the nucleus giving a clear oval area within which the chromatin was piled up into masses of 
variable shape and distribution, some showing an approach to signet ring arrangement. With 
desquamation of the cells evidence of a nuclear membrane disappeared and the standard appear- 
ance of three or more rounded masses of chromatin lying in damaged cytoplasm developed. In 
addition to cells of this type there were some leucocytes in the lumen of the parabronchi. On the 
whole the chief damage was to be seen in the cells of the parabronchial lining proper rather than 
in those of the secondary saccules but these were by no means exempt and rarely one might 
find heavily involved groups of saccules. In such situations a few interstitial cells in the 
neighbourhood showed nuclear damage which almost certainly indicated specific infection. 

The tracheal smear from this embryo was noted as showing epithelial cells with disintegrated 
nuclei and a number of mature and immature leucocytes. This agrees well with the contents of 
the parabronchial lumen as seen in the sections. 
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The other positive sections showed similar features but a more irregular involvement of the 
parabronchi not all of which contained desquamated cells. One (58744) showed congestion and 
some areas of well marked interstitial haemorrhage. Endothelial cells in some of the blood vessels 
showed nuclear changes of the type we regard as specific. 


Summary of the Behaviour of N.D.V.in Chick Embryos. 


If the description we have given is compared with that of infections in chick 
embryos by well-adapted egg strains of influenza virus the resemblance will be 
obvious. Both types of virus may produce similar small chorioallantoic foci and 
provoke identical-appearing haemorrhagic encephalitis. Multiplication takes place 
freely in the linings of amniotic and allantoic cavities giving high titre fluids and 
infection can spread over the whole respiratory epithelium. In both cases chorio- 
allantoic inoculation results in death of the embryo with haemorrhagic lesions but 
without specific lung lesions or the appearance of virus in the amniotic fluid. Both 
provide infective fluids giving Hirst agglutination of fowl red cells of the same 
general character and similar titre. 


EXPERIMENTS WITH MICE AND FERRETS. 


If, as we are led to assume from the chick embryo results, Neweastle disease 
virus is an influenza virus strain some effect would be expected in ferrets or mice 
inoculated intranasally. Experiments have in fact shown that significant effects 
are produced which however differ somewhat from those obtained with typical 
influenza strains. 

Mice. It is now well known that to produce maximal lesions with weak strains of influenza 
virus in mice the best procedure is to give a second intranasal inoculation twenty-four hours after 
the first. It is immaterial whether the second inoculation is of virus suspension or of saline: its 
main function is to disseminate the virus produced by the multiplication of that in the primary 
inoculum. If this method is adopted with high titre N.D.V. fluids some of the inoculated mice 
die with complete lung consolidation three to four days after the second inoculation, the others 
show variable degrees of consolidation. Macroscopically there is nothing to distinguish the 
consolidated areas from those produced by influenza virus. 

Virus can be re-isolated from lungs removed at two to five days after the second inoculation 
but in notably smaller amounts than from similar influenza virus lesions and so far it has not been 
possible to establish direct mouse to mouse passage. 

Ferrets. Two ferrets inoculated intranasally with egg material of high titre showed no 
symptoms or rise in temperature. One of these, F.163, showed no significant neutralization in 
Hirst tests: with 1: 50 virus, serum diluted 1: 10 reduced the agglutination to + level, but a 
similar minimal degree of activity was shown by several normal or anti-influenza ferret sera at 
this dilution. Ferret 165 showed a much more definite effect, its serum neutralized virus 1: 10 ata 
dilution of 1: 30. This activity is however much lower than that normally found when a con- 
valescent ferret serum is tested against the homologous influenza virus. 


DISCUSSION 


As yet little attempt has been made to develop a systematic classification of 
the viruses pathogenic for mammals and birds. In general two virus strains are 
regarded as of the same species if they are antigenically related or identical. Par- 
ticularly under experimental manipulations strains of the same species of virus 
may have very different ranges of virulence for the various susceptible hosts and 
the immunological criterion is always to be preferred to one based on the patho- 
genic activity of the virus. Sometimes when two antigenically distinct viruses 
show an extremely close resemblance in the range of host affected and the type of 
lesion produced they are regarded as antigenic races of one species, e.g. the different 
viruses of foot-and-mouth disease, but there is no great consistency of such usage. 
Certain large groupings which might be regarded as of generic status can be 
recognized, each comprising a number of antigenically distinct forms. We might 
instance (1) The viruses of mammalian and bird pock diseases which were grouped 
as a genus Borreliota by Goodpasture, (2) Herpes, ‘‘B’’, and pseudorabies viruses, 
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(3) The viruses of ‘‘ Louping-ill’’, and of St. Louis and Japanese ‘‘ B’’ encephalitis, 
(4) Yellow fever and rift-valley fever viruses. 

The common features in such cases are (1) approximate equality of particle 
size, (2) general similarity in the type of cell parasitized and in the pathological 
changes induced, and (3) similar methods of natural transmission. 

If we apply these criteria to the present instance it seems legitimate to place 
Newcastle disease virus in the same group as the influenza viruses responsible for 
human disease. (1) Burnet and Ferry (1933) showed that the particle size of 
N.D.V. (80-120 my) was identical with that later obtained by Elford, Andrewes 
and Tang (1936) for influenza virus and significantly larger than that of fowl 
plague. (2) The resemblances in the pathological changes produced by N.D.V. 
and egg-adapted influenza strains in chick embryos are numerous and striking. 
Perhaps the two most important are the production of haemorrhagic encephalitis 
in embryos of suitable age and the power to proliferate freely after allantoic inocu- 
lation. In our experience only influenza virus strains and N.D.V. have shown these 
features. In mice intranasal inoculation of high titre virus produces influenza-like 
consolidation but there is little multiplication of the virus and it has not been 
possible to transfer the infection directly from mouse to mouse. Ferrets have 
failed to show any temperature response to intranasal inoculation but have shown 
a moderate production of specific antibody. In both species the results suggest 
that the virus has a slight ability to infect the respiratory epithelium. Attempts 
are being made by alternate mouse and embryo passage to establish a mouse-lung 
strain of the virus. (3) Neweastle disease in nature is primarily a disease of the 
upper respiratory tract and is readily spread by contact, a point which dis- 
tinguishes it from fowl plague. 

If this relegation of N.D.V. to the influenza group of viruses is valid in the 
sense that N.D.V. and the influenza viruses have a more or less remote common 
ancestor some interesting lines of speculation are opened up. Is there, for instance, 
any likelihood that all members of the group are derived from viruses which de- 
veloped most of their characteristics in birds? The curious ease with which in- 
fluenza viruses infect the chick embryo might find an explanation on such an 
evolutionary history. 

It is at least probable that the appearance of an influenza pandemic like that 
of 1918 is due to the emergence into activity of a strain of virus antigenically un- 
related to those previously endemic. Such a new type might arise by mutation but 
it is equally possible that some special circumstance allowed an avian or mammalian 
virus to develop human pathogenicity. It would be of particular interest to have 
information in regard to the power of mammalian pneumotropic viruses (e.g. those 
responsible for the equine ailments, infectious equine pneumonia (Brustseuche), 
pink eve, and infectious bronchitis and the malignant catarrhal fever of bovines 
and game animals in Africa) to multiply in the chick embryo and to produce Hirst 
agglutination. Such a survey of animal disease might conceivably help to indicate 
the origin both of past and of future types of human influenza. 


SUMMARY. 


The activity of the virus of Neweastle disease after inoculation by various 
routes in the chick embryo is described. 

In nearly every respect there is a striking resemblance to the behaviour of 
well-adapted strains of influenza virus. 

Infected amniotie or allantoic fluids agglutinate red cells from several 
species ; the reaction closely resembles the Hirst phenomenon with influenza virus 
and is specifically neutralized by immune serum. 

There is no serological relation between N.D.V. and influenza viruses. 
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After intranasal inoculation in mice N.D.V. produces influenza-like consolida- 
tion of the lungs, sometimes fatal. 

Ferrets show no temperature response after administration of high titre 
N.D.V. but may develop a significant antibody response. 
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The primary incentive to carry out this investigation was the interest of one 
of us (F.M.B.) in the application of immunological methods to determine zoo- 
logical relationships and the interest of the other in the systematics of the family 
Parastacidae. For the latter reason all the early tests were made with parastacid 
sera, but as the technique developed the work was extended to cover all species of 
crustacea which came to our hands. 

The serological technique has been used by several earlier workers in the study 
of animal relationships but with few exceptions these have used almost exclusively 
mammals in their experiments. Nuttall (1904) tested a wide variety of mammals, 
birds and reptiles; Boyden and Noble (1933) studied the serum of several species 
of amphibians, and Wolfe (1939) studied birds and reptiles as well as mammals, 
but so far as we can gather from the literature few workers have systematically 
applied the technique to the invertebrates. 

Eisenbrandt (1938) working with Helminthes was able to show that the sero- 
logical relationship of the Helminthes agrees in general with the present taxonomic 
classification. In his experiments he found that cross-reactions occurred between 
the phyla Platyhelminthes and Nemathelminthes. 

Graham-Smith (in Nuttall, 1904, Section VIIT) made a limited study of the 
Crustacea. With an anti-lobster (Homarus vulgaris) serum he obtained well 
marked reactions with all crustacean sera tested. These were the common shrimp, 
lobster, freshwater crayfish, crawfish, hermit-crab and five species of crab. Simi- 
larly an anti-crab (Carcinus maenas) serum gave well marked reactions with all 
other species. These results were not confirmed in the experiments reported in 
the present paper, in which it was found that the antisera corresponding to each 
section of the Decapoda were specific; reactions did not occur between genera of 
different sections (vide Table 8). 

The classification adopted in this paper is that of Hale (1927). 


METHODS AND MATERIALS. 


Preparation of antigens. The antigens used in the experiments consisted of the body fluids 
of various crustaceans; details of the species available are given in Table 1. 

The majority of the tests were made with the members of the Astacura, from which the blood 
was obtained by drilling a small hole in the upper part of the large chelae; the blood was then 
withdrawn by means of a Pasteur pipette. In later experiments the marine crayfish (Jasus), 
the squagga (Ibacus), giant crab (Pseudocarcinus) and several small shore crabs (Helice, Para- 
grapsus, Leptograpsus, Brachynotus) were used. The marine crayfish was bled direct from the 
heart, a hole being drilled through the carapace above the heart and the blood collected with 
pipettes. A limb was amputated at the basal joint of the giant crab and the blood which poured 
out was collected in sterile tubes. The shore crabs were also bled from the base of the limbs; 
they shed their limbs very quickly when held and the blood was withdrawn from the body cavity 
by using a finely drawn pipette. 

The blood was left to clot at room temperature and was then centrifuged for ten minutes. 
As the clot was very firm a smaller tube was introduced to exert mechanical pressure on it. During 
centrifugation the inner tube was forced to the bottom, compressing the clot and separating the 
serum. After removal to sterile corked tubes the serum was inactivated by heating at 56° C. 
for 20 minutes, and stored in a refrigerator until required. 
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Serum kept for several weeks sometimes showed signs of bacterial contamination; therefore 
merthiolate giving a final dilution of 1: 10,000 was added to each tube and proved effective in 
preventing bacterial growth. The addition of the preservative did not effect the activity of the 
serum. 


TABLE 1. 


Antigens used in the experiments. 


Section. Antiserum 
Family. Species. Common name. No. 


PALINURA 
Palinuridae Jasus lalandii (Lamarck) Marine crayfish 
Seyllaridae Tbacus incisus (Peron) Squagga 


ASTACURA 
Parastacidae Euastacus yarraensis (McCoy) 
armatus (von Martens) 
nobilis (Dana) 
bispinosus Clark 
sulcatus Clark 
Cherazx albidus Clark Yabby 
», destructor Clark 
»  rotundus Clark ” 
» bicarinatus (Gray) Gilgy Rll 
»  Quinquecarinatus (Gray) Marron 
Engaeus victoriensis Smith and Schuster Land crayfish R4, R8 
»  fultoni Smith and Schuster 
»  quadrimanus Clark 


ANOMURA 
Paguridae Paguristes frontalis (Milne-Edwards) Hermit crab 
BRACHYURA 
Xanthidae Pseudocarcinus gigas (Lamarck) Giant crab 
Grapsidae Sesarminae Helice haswellianus (Whitelegge) Mud crab 
e Grapsinae Leptograpsus variegatus (Fabricius) Shore crab 
Varuninae Brachynotus octodentatus (M.-Edwards) ,, _,, 
Majidae Eruma hispidum (Baker) Seaweed crab 


Preparation of antisera. Antiserum was prepared by injecting the crayfish serum intra- 
venously in rabbits. A 10 p.c. solution of crayfish serum was used for the inoculation of the 
first rabbit but this produced a very weak antiserum and later rabbits were all given undiluted 
crayfish serum. The amount inoculated varied from 0°5 ¢.c. to 1 ¢.c. depending upon the amount 
of serum available. Each rabbit received three injections at weekly intervals. Nine days after 
the third injection a sample of 5-10 ¢.c. of blood was taken from the ear for preliminary titration. 
If the test revealed a high titre against the homologous crayfish serum the rabbit was bled-out on 
the tenth day. The blood was left to clot at room temperature. The separated serum, inactivated 
by heating at 56° C. for 20 minutes, was stored in corked tubes in the refrigerator. As with the 
crayfish sera, merthiolate giving a final dilution of 1: 10,000 was added to each tube to inhibit 
bacterial growth. 


TECHNIQUE OF TESTS. 


(a) Precipitin tests. The tests were made using the conventional arrangement with falling 
dilutions of antigen and a constant concentration of antiserum (1: 4 final dilution). All dilutions 
were made in physiological saline containing 0-85 p.c. NaCl and 0-044 p.c. CaCly. Control tubes 
containing only antigen and antiserum were always included. Tubes were placed in a water 
bath held at 45° C. for two hours. At the end of two hours the reactions were read, after which 
the tubes were placed in a refrigerator and left overnight. Readings were made again next 
morning when it was usually found that the amount of precipitate in the positive tubes had in- 
creased slightly. 

(b) Ring tests. Preliminary dilutions of antigen were prepared as for precipitin tests and 
0-25 c.c. of undiluted antiserum was layered beneath 0-05 ¢.c. of each dilution of the antigen. 
Reactions were read immediately. With closely related species a distinct white ring became 
visible at the interface as soon as the antiserum was added, with less closely related species the 
ring took longer to appear and in many instances only a faint clouding occurred. The ring test 
was found useful as a rapid means of testing the strength of a particular antiserum but the 
precipitin test was always used as the standard test. : 

(ce) Absorption tests. Precipitin tests made by the constant-antibody-concentration tech- 
nique showed well marked zones of optimal precipitation. By working with mixtures near optimal 
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proportions the absorption experiments with related forms gave clear cut results. This method 
was therefore used to detect finer differences amongst species within a genus 21d between closely 
allied genera. 

As a general rule the antiserum was diluted 1: 2 and 0-25 c.c. was added to each of five 
tubes. The antigen was diluted 1: 5 1: 10 1: 20 1: 40 and 0-05 ¢.c. of each dilution was added 
to the tubes containing the antiserum; the fifth tube received 0-05 ¢.c. of saline as control. 

The tubes were left one hour in a water bath at 45° C. after which they were spun for 10 
minutes and the supernatant fluid removed. The supernatant fluids were then tested against 
the homologous antigen and the antigen used for absorption, using the antigen dilution showing 
optimal precipitation. 

EXPERIMENTAL DATA. 


TESTS WITH ASTACURA. 
Genus Euastacus. 


Tests within the genus. As shown in Table 1, five species were available as antigens. Antisera 
were produced against two species using HZ. yarraensis in rabbit R2 and E. armatus in rabbit 
R3; both antisera were of equally high titre. 

Tests with each species against antiserum R2 indicated that all the species are closely 
related serologically but the relationship between armatus, yarraensis and nobilis appeared to be 
closer than between these species and either sulcatus or bispinosus. The results of the tests are 
incorporated in Table 2. In the absorption tests it was found that absorption with any one species 
completely absorbed the activity for each species including the homologous. 


TABLE 2. 
Result of tests against antiserum R 2 prepared against Euastacus yarraensis. 


Dilutions of antigen. 


Antigen. 100 1,000 5,000 10,000 50,000 Control. 


Euastacus yarraensis 

” armatus 

nobilis 

” sulcatus 

” bispinosus 
Engaeus fultoni 
Cheraz albidus 


== 
= 
<= 
= 


+++ 2 
l++++++ 


+ 1+ I+ 


+++ Bulky precipitate with clear supernatant fluid. +-+ Precipitate smaller but easily 
visible to naked eye. + Definite precipitate visible with lens. + Minor degrees of fine precipita- 
tion. tr Trace. +++ or ++ Deposit corresponding to ++-+ or ++ but with cloudy super- 
natant fluid. C Dense cloud without deposit. ¢ Minor opacity without deposit. — No precipita- 
tion or opacity. 

Tests with other genera. So far only two other genera of the family under discussion have been 
available for testing—Engaeus and Cherar. From the results of experiments recorded in Table 2 
it appears that Engaeus is closer to Euastacus than is Cheraz, and this is supported by the absorp- 
tion tests. As shown in Table 3 absorption with a Cheraz antigen did not appreciably alter the 
activity of R 2 for the three species of Euastacus but absorption with an Engaeus antigen con- 
siderably diminished this activity. 

Tests with all other available genera were negative (Table 8). 


TABLE 3. 
Tests with Euastacus antiserum absorbed with Cherax and Engaeus antigens. 


Dilution of R 2 abs. R 2 abs. 
Antigen. ° Ch. destructor. Eng. fultoni. R 2 unabsorbed. 


Eu. yarraensis 1 + 
Eu. armatus 1: 
Eu. nobilis as 
Ch. destructor as 
En. fultoni 1 


Genus Engaeus. 

Tests within the genus. Two antisera were produced against En. victoriensis. The first 
rabbit (R 4) received the usual series of three injections at weekly intervals and was bled out 
on the tenth day after the final injection. Its serum proved to be of very high titre. A second 


tt oe 
+ 
i 


92 ELLEN CLARK anp F. M. BURNET 


rabbit (R.8) was given a series of injections at weekly intervals over a period of three months. 
At the end of the first and second months 20 ¢.c. of blood was taken from the ear and the rabbit 
was bled-out on the tenth day after the final injection. Appropriate tests showed that R4 and 
the antiserum obtained from R 8 at the end of the first month were equal in titre. Tests with the 
three bleedings from R8 showed a considerable increase in the activity of the antiserum with 
each bleeding. The increase however was active only within the limits of the family ; there was no 
widening of the activity to include any of the other decapods tested. 

Preliminary experiments with the three available species revealed fultoni to be close to 
victoriensis with quadrimanus considerably more distant. The absorption tests showed that 
absorption of R 8 with fultoni removed most of the antibody for each species but absorption with 
quadrimanus had only slight effect. 

Tests with other genera. Absorption experiments with Euastacus and Cherax, using Eu. 
armatus, Eu. bispinosus, Ch. albidus and Ch. bicarinatus indicated that Cheraz is closer to Engaeus 
than is Euastacus. The details are given in Table 4, where it may be seen that absorption with 
armatus removed all antibodies for Euastacus but not for Cherax whereas albidus removed all 
antibodies for both genera. 

Tests with other available genera were negative (Table 8). 


TABLE 4. 
Tests with Engaeus antiserum absorbed with Cherax and Euastacus antigens. 


Antigens, diluted 1: 100. 
Euastacus Euastacus Cherax Cherax Engaeus 
Serum. armatus. bispinosus. albidus. bicarinatus. victoriensis. 


R 8 absorbed + + 
Euastacus armatus 


R 8 absorbed + + 
Euastacus bispinosus 

R8 absorbed 
Cheraz albidus 


R 8 absorbed +++ 
Cherax bicarinatus 


R 8 unabsorbed + + +++ 


Genus Cherax. 


Tests within the genus. Five species were available as test antigens; antiserum R5 was 
produced against albidus and antiserum R 11 against bicarinatus. Tests with each species against 
antiserum R 5 indicated that the three species albidus, destructor and rotundus are very closely 
related but the two Western Australian species bicarinatus and quinquecarinatus are less closely 
related. 

Tests with other genera. Preliminary tests with Engaeus and Euastacus antigens indicated 
that Cherax is closer to Engaeus than to Euastacus (Table 5). Absorption tests were not per- 
formed until a month later when it was found that all the tests were negative. By repeating the 
earlier experiments it was found that after storage for one month this antiserum had lost all 
heterologous activity but the titre for the various species of Cherax was not altered. 


TABLE 5. 
Result of tests against antiserum R 5, prepared against Cherax albidus. 


Dilutions of antigen. 
Antigen. 10 30 100 300 =3,000 10,000 30,000 Control. 


Cheraz albidus ++. + = 
Engaeus victoriensis Cc Cc + 
Euastacus yarraensis Cc Cc Cc e 


TESTS WITH BRACHYURA. 


The giant crab Pseudocarcinus gigas was used to produce antiserum © 7. This was the only 
genus of the family available and so the antiserum was tested against three genera (Helice, Lepto- 
grapsus, Brachynotus) from families placed close in the systematic classification and also a spider 
crab (Eruma). Table 6 records the results of these tests, which indicate that the serological 
relationships of the genera to each other is close. 
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In the absorption tests it was found that absorption with any of the three genera absorbed 
all activity for each other genus but not for the homologous P. gigas. 
Tests with other available antigens all proved negative (Table 8). 


TABLE 6. 
Tests with antiserum R 7, prepared against Pseudocarcinus gigas. 


Dilutions of antigen. 
Antigen. 5 610 


Pseudocarcinus gigas + 
Leptograpsus 
Brachynotus 
Helice 
Eruma 


1,280 2,560 Control. 


t+ 


I+ 


TESTS WITH PALINURA. 


Two families of the Section Palinura were represented in our material; these were the 
Palinuridae and Scy!aridae. 

1. The marine crayfish Jasus lalandii was the only member of the Palinuridae available. 
Antiserum R 6 against this species was tested as usual after three weekly injections but the titre 
was very low, therefore the injections were continued for a further two months, a second sample 
of blood being taken at the end of the second month. As was found in the case of the Engaeus 
antiserum R 8, antiserum R6 steadily increased in activity for the homologous antigen. 

Antiserum R6 was tested with all available heterologous antigens but in no case did any 
reaction occur (Table 8). 

2. The squagga, Ibacus incisus, the only species of the Scyllaridae available, was used to 
produce antiserum R10. The antiserum was of high titre for the homologous antigen but did not 
react with any heterologous antigen (Table 8). 

In view of the fact that the Palinuridae and Scyllaridae are closely related systematically 
it was thought that the final bleeding of R 6, with its greatly increased activity for the homologous 
antigen, would show some reaction with the Zbacus antigen but this did not occur. 


TESTS WITH ANOMURA. 


The common hermit crab Paguristes frontalis has been tested with each available antiserum 
with negative results in each instance (Table 8). 


TESTS WITH PURIFIED HAEMOCYANIN. 


Through the co-operation of Mr. W. A. Rawlinson pure haemocyanin was crystallized from 
the blood of Jasus lalandii, following the technique described by Rawlinson (1940). Haemo- 
eyanin is the respiratory pigment of crustacean blood and is present in a concentration of 4 to 
5 p.c. It is a copper-containing protein with a high molecular weight. A 20 p.c. solution of 
haemocyanin was prepared by dissolving the crystals in a dilute solution of ammonia, using just 
sufficient to make the pH 6-5. The solution was then filtered through an Elford gradocol mem- 
brane to ensure sterility. 

The haemocyanin was tested with the antiserum produced by the immunization of rabbit 
R6 with the unfractionated Jasus serum. From the results shown in Table 7 it may be seen 
that the titre of R 6 was essentially the same for the unfractionated serum and for the haemo- 
cyanin. 

TABLE 7. 


Tests with antisera produced against Jasus lalandii. 


A. Tests with antiserum R 6 (unfractionated Jasus serum). 
Dilutions of antigen. 

Antigen. 100 200 400 800 1,600 3,200 Control. 
Unfractionated Jasus serum ++ ++ + 
Jasus haemocyanin ++ t+ + + 

B. Tests with antiserum R 9 (Jasus haemocyanin). 
Dilutions of antigen. 
Antigen. 400 800 1,600 Control. 


Unfractionated Jasus serum tr 
Jasus haemocyanin +4 ++ + 


40 
++ +++ t+ ++ ++ + - - 
+ ++ ++ tt + + 
++ t+ ++ ++ + 
+ ++ ++ +4 + + 
+ ++ ++ 424 ++ + + + 
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Absorption tests were then performed to ascertain any possible difference. After two hours 
at 45° C. all the tubes were negative, the controls containing the antigen with unabsorbed 
serum were positive, showing that the antibody of R6 was completely absorbed by the haemo- 
cyanin. 

This suggested that haemocyanin was the active constituent of the crayfish serum and so 
another rabbit (R9) was given a series of three injections at weekly intervals of 1 ¢.c. of the 
purified Jasus haemocyanin. The antiserum obtained on the tenth day after the final injection 
like that obtained after a similar period from rabbit R6 which received the unfractionated 
Jasus serum, was of very low titre, therefore R 9 was given a further series of three injections 
at weekly intervals and the antiserum obtained ten days after the final injection was tested as in 
the previous experiment. The results as shown in Table 7 indicate that with a larger amount 
of inoculum over a longer period the haemocyanin produced antiserum of the same strength as 
that produced by the unfractionated serum over a similar period. 


TABLE 8. 
General survey of results in cross-tests between various genera of the Decapoda. 


Antigen. Antiserum. 


Section. PALINURA. ASTACURA. BRACHYURA. 
Family. Palinuridae. Scyllaridae. Parastacidae. Xanthidae. 
Genus. Jasus. Ibacus. Euastacus. Engaeus. Cherax. Pseudocarcinus. 


PALINURA 
Palinuridae 
Scyllaridae 
ASTACURA 
Parastacidae 
Engaeus ++ +++ ++ 
Cherax + ++ +++ 


ANOMURA 
Paguridae 
BRACHYURA 
Xanthidae 
Grapsidae 
Sesarminae 
Grapsinae 
Varuninae 
Majidae 


DISCUSSION. 


The chief features of our results to which we wish to draw attention are (1) 
the existence of several completely distinct antigenic types within the Decapoda, 
(2) the value of absorption experiments in studying closer degrees of relationship 
and (3) the demonstration that in one form at least (Jasus) the respiratory pro- 
tein, haemocyanin, is the dominant antigen of the body fluid. 

In view of Graham-Smith’s findings we expected to find more extensive cross- 
reaction than was observed. It will be seen from Table 8 that within the Decapoda 
we have delimited four wholly unrelated antigenic types ; since many families were 
unrepresented in our material this number could almost certainly be increased. 


SEROLOGY OF CRUSTACEAE 95 


We have noted above one experiment in which a rabbit received a long continued 
series of injections of Engaeus antigen with the object of producing an immune 
serum with wider range of activity. The reaction with even this serum however 
was strictly limited to the three Parastacid genera. This observation would sug- 
gest that the major antigenic types correspond to far-reaching differences in pro- 
tein structure. It would be of great interest to cover the whole of the decapod 
families and determine the systematic limits of each major antigenic type. One can 
hardly doubt that these major groups represent important divisions arising early 
in the evolutionary history of the group. 

Within the main groups there are minor antigenic differences of the type 
familiar in mammalian studies. The differences between genera in the same family 
are sometimes sufficient to allow clear-cut absorption results, and studies along 
these lines might clarify some of the minor systematic groupings. We are not 
disposed to regard the slight differences between some species of the same genus 
as of much significance. 

As far as we are aware there is no recent work on the protein constituents of 
crustacean body fluids other than haemocyanin. Our results with crude Jasus 
fluid and the corresponding purified haemocyanin indicate that no other antigen 
plays any important part in the precipitin reactions we have studied. If this holds 
throughout the decapod crustacea and there is no reason to think that Jasus is in 
any sense unique in this respect, a number of interesting problems arise. 

Tf apart from fibrinogen (or its equivalent) the crustacean plasma contains 
only one antigenic type of protein, haemocyanin, this must be presumed to carry 
out all the functions which in the vertebrate are associated with serum globulin and 
albumin as well as the more obvious function of oxygen-transport. In a few ex- 
periments we failed completely to obtain any evidence of antibody production in 
Cheraz injected with active antigens. One reason for this failure may be that in 
these animals there is no circulating protein in any way analogous to the serum 
globulin of vertebrates. 

According to Rawlinson (1940) there is as yet no clear evidence as to the way 
the copper of haemocyanin is incorporated in the molecule. The existence of 
several serologically distinct crustacean haemocyanins may provide a useful new 
line of approach to the chemical attack on this problem. 


SUMMARY. 


The relationship of some common crustaceans as determined by the serological 
study of their body fluids is reported. 

It was found possible to separate the various genera of Parastacidae from each 
other and from other Decapods. 

Pseudocarcinus gigas, the giant crab of Bass Strait, showed affinities with four 
genera of crabs but not with the Palinura, Astacura or Anomura. 

Jasus lalandii and Ibacus incisus are not serologically related to any of the 
species tested. 

The antibody produced by immunization of rabbits with unfractionated crus- 
taeean serum is almost completely absorbed by treatment with purified haemo- 
cyanin of the same species. 
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THE DETERMINATION OF MINUTE AMOUNTS OF ARSENIC 
IN BIOLOGICAL MATERIALS 


A NEW TYPE OF ELECTROLYTIC CELL FOR THE PRODUCTION OF ARSINE. 


by WILLIAM ARTHUR RAWLINSON! 
(From the Walter and Eliza Hall Institute, Melbourne). 


(Accepted for publication 1st May, 1942.) 


The quantitative determination of minute amounts of arsenic has been the 
subject of many investigations during the last seventy or eighty years and the ex- 
tensive literature demonstrates the lack of complete success of most methods. The 
great variety of chemical reactions of arsenic makes it appear that some simple 
technique should be possible; but most methods are so susceptible to variation 
of experimental conditions that it is impossible to attain both sensitivity and 
accuracy. 

The electrolytic apparatus described below has been found suitable for the 
routine determination of arsenic in biological samples. It makes use of a cello- 
phane membrane and a mercury cathode which is capable of reducing arsenates to 
arsine ; the construction and operation are not difficult, several units may be run in 
series and if necessary the samples may be electrolyzed successively without dis- 
mantling. 

APPARATUS. 


The apparatus illustrated in Fig. 1,1 is made with ma- 
terial found in any laboratory. The alternative forin 
(Fig. 1,2) employing a ground-glass connection is more 
permanent but otherwise offers no advantage over the rub- 
ber-stoppered apparatus. The main vessel (A) is obtained 
by cutting and grinding the top of a hydrometer jar 
(17 em. long; 4 em. diam.). A rubber-stopper (G) to fit 
(A) is drilled as shown in plan (Fig. 1,1). The central 
hole is fitted with the glass-tube (C) (140 mm. long; 9 mm. 
diam. at the top and 18 mm. diam. at the bottom) ; this 
wide end is ground and smoothed in the flame. The cello- 
phane after soaking in water is tied to this end by means 
of wet linen thread; no creases should be present and the 
membrane is tested for leaks before electrolysis by dipping 
in water and blowing in the open end. The cathode compart- 
ment is filled through the funnel (H). After an experi- 

ment the membrane is washed and stored under water. 
‘ r Tube (C) should be adjusted so that the membrane is about 


t 20 mm. from the surface of the mereury cathode (which 
fills jar (A) to a depth of at least 10 mm.). This tube 
serves as the anode compartment and is filled with sul- 
phuric acid (4N) until level with the liquid in the cathode 
cell. The anode (B) consists of a roll of platinum foil 
(35 mm. long; 9 mm. diam.). Undue shaking should be 


H avoided when the unit is ready for electrolysis otherwise 


the wire (K) and the mercury (F) might become separa- 
ted by a layer of acid. The modified form of tube (D) is 
necessary if the apparatus is to be run continuously; the 
solution can be sucked through the outer jacket and re- 
placed with washing liquid or test solution. 
a ee The gas-outlet tube (E) consists of a splash-head and 
Pig. 1). Pig. 1°. a straight tube in which is placed a roll of filter paper 


1 This work was carried out under a grant for the Australian National Health and Medical 
Research Council. 
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(9 em. X 3 em.) previously impregnated with basic lead acetate. This paper is changed after each 
determination even when using the continuous method. Above this connects the part for fitting 
the sensitized material for absorbing the arsine. The author has found suitable for clinical pur- 
poses the use of 4 mm. paper strips (Whatman No. 50) soaked in mercuric bromide solution (2 p.c. 
in acetone). A more concentrated solution is necessary for quantities above 107 and each new 
solution requires a new calibration curve for the ratio of stain length to y of arsenic; development 
of the stains in dilute ammonium hydroxide solution is found to be an improvement. Many other 
methods of measurement are possible and have been fully described in the literature. 

The author has used four of these units in series (more may be added if necessary) with a 
current of 2 amperes; current density of 180 milliamps. per sq. em., and 230 volts direct current 
source. Each cell showed a potential drop of about 5 volts between anode and cathode; the 
battery of cells is placed in a water-bath (25° C.) during the forty minute period of electrolysis 
or for many routine tests a bath of running tap-water is sufficient. 


METHOD. 


The preliminary treatment of biological samples depends on the type of material. For urine 
samples the following procedure is rapid and satisfactory: 10 ml. urine are evaporated nearly to 
dryness on a water-bath in a small, flat porcelain basin. Concentrated sulphuric acid (4 ml.) 
is added and when all action has subsided the solution is transferred to a kjeldahl flask (50 ml.). 
The dish is washed with small volumes of sulphuric acid to give a total volume of 7 ml. and the flask 
is boiled for ten minutes. Then six drops of concentrated nitric acid are added carefully and 
boiling is continued until the solution becomes colourless (about another twenty minutes). If 
nitric acid is still present the solution should be diluted with a small volume of water and re- 
boiled until it fumes; a small amount of oxalic acid may be added if nitrie acid persists. The 
digest is cooled, diluted to 30 ml. with distilled water, and then washed into the cathode compart- 
ment with a further 20 ml. of water to give the correct acid concentration for electrolysis. 

Although it is not necessary to complete combustion with sulphuric acid in order to liberate 
the arsenic in the inorganic state it is advisable to do so because otherwise contamination of the 
cathode is possible. 


DISCUSSION. 


The brief review below is presented to give a clear idea of the whole problem 


involved in determining arsenic in biological materials because in a single method 
it is possible to incorporate any of the several procedures when using the new type 
of apparatus described above. 


Biological samples generally require preliminary treatment to free them from organic 
matter and many well-known wet digestion methods are available, (a) sulphurie acid (b) nitric 
acid (c) mixtures of sulphuric acid and nitric acid (d) perchloric acid (e) mixtures of perchloric 
acid and sulphurie or nitric acid (Morris and Calvery, 1937) (f) hydrochloric acid and an alkali 
chlorate (Bodnar et al., 1940) (g) Carius oxidation. The dry-combustion methods, in general, 
are not recommended, (a) decomposition with sodium peroxide in a nickel combustion bomb 
(Beamish, 1933, 1934) (b) combustion with magnesium nitrate (Alleroft and Green, 1935) 
(¢) combustion with oxygen in an enclosed torch or bomb and collection of the gases (Kolnitz and 
Remington, 1933; Remington, et al., 1934; Carey et al., 1934). 

The next step entails the separation of the arsenic from the digested sample and if interfering 
substances are still present then a double separation is advisable. The main methods are (a) 
distillation as arsenious chloride (Bang, 1925) (b) formation of arsine by reduction with nascent 
hydrogen which may be produced in various ways (i) zine and hydrochloric acid or sulphuric 
acid (ii) zine alloy and hydrochlorie acid (How, 1938) (iii) spongy tin and hydrochloric acid 
(Bodnar et al., 1940) (iv) electrolysis in sulphuric acid solution with a cathode of high hydrogen 
overvoltage (see later references). Another possible method not yet described for micro-estima- 
tions is the extraction with an immiscible solvent as arsenic xanthate (Klein and Vorhes, 1939). 

The final step involves the quantitative measurement of the liberated arsenic. The arsenious 
chloride distillate may be determined by (a) direct iodometric titration (b) conversion to the 
sulphide and (i) colorimetry (Gaudy, 1938) (ii) titration of the sulphide with potassium per- 
manganate solution (c) reduction by means of sodium hypophosphite to metallic arsenie and 
colorimetric measurement (Delaville and Belin, 1927) (d) conversion to the molybdenum-blue 
complex and colorimetric estimation (Morris and Calvery, 1937; Deemer and Schricker, 1933; 
Hubbard, 1941; Sandell, 1942) (e) nephelometric estimation after the formation of the cocaine- 
molybdate or other similar complex compound of arsenic (Kleinmann and Pangritz, 1927; 
Belladen et al., 1933). 

The liberated arsine may be (a) converted into an arsenic mirror and (i) compared with 
standards (Marsh test) or (ii) the mirror dissolved and titrated (Bodnar et al., 1940) (b) led 


a 


ELECTROLYTIC ARSENIC METHOD 99 


onto paper strips, paper discs or cotton threads sensitized with silver nitrate, mercuric chloride, 
mercuric bromide or gold chloride and compared with standard stains (c) absorbed into a suitable 
solution and titrated (Cassil and Wichmann, 1939; Cassil, 1939). 

It is obvious that it is not always possible to give a fair comparison between 
methods because a method suitable for one case may be entirely unsuited to another 
set of circumstances. There are some common factors however which tend to con- 
demn certain reactions and they must be known, particularly for micro-estimations ; 
this is exemplified in the direct iodometric titration where lack of specificity should 
be noted ; also the molybdenum-blue methods are subject to interference by several 
substances and effective separation is necessary for success. The presence of 
arsenic in certain types of glass is often neglected when considering the use of 
reagents; the author found this important on attempting to use an alkaline solu- 
tion in a new distillation method. Of the methods investigated one of the most suc- 
cessful was the formation of the molybdenum-blue compound but measurement with 
a photo-electric colorimeter is essential ; at present this method is receiving a great 
deal of attention. The latter instrument is still a source of trouble to inexperienced 
operators and is now difficult to obtain and service. Other methods suitable for 
the arsenious chloride distillate were too troublesome for routine work in the range 
0-1 to 20y. 

The separation as arsine was next considered; in all cases the formation of arsine is caused 
by the available activated hydrogen and with a metal, such as zine, and hydrochloric acid the 
amount of hydrogen formed at constant temperature depends on the surface area of the metal and 
the activity of this surface so that during an experiment the volume of hydrogen per unit of time 
continually alters. In the electrolytic method the control of conditions is much less difficult but 
even so, many adverse reports have been published since the first apparatus was described (Bloxam, 
1861). These criticisms can be traced to three main causes which when appreciated are easily 
remedied. The earliest types of apparatus used platinum as cathode material (Bloxam, 1861; 
Thorpe, 1903; Trotman, 1904; Thompson, 1904) ; the reducing power was found to be very low 
and this is now known to be caused by the low hydrogen overvoltage. The use of other metals 
such as lead (Sand and Hackford, 1904; Monier-Williams, 1923; Callan, 1924; Lawson and Scott, 
1925; Evers, 1926; Fink, 1927; Osterberg, 1928; Damany, 1932); cadmium (Lockwood, 1939), 


and mercury (Aumonier, 1927; Callan and Parry Jones, 1930; Moerk, 1933), each one possessing 
a high overvoltage has eliminated this trouble. 


The liquid electrode, mercury, is the most efficient metal as cathode not only 
on account of its high overvoltage but also because of its constant surface area and 
consistent surface structure; solid metals are more liable to alter their surface 
characteristics under different physical or chemical treatment. It has been more 
difficult to incorporate mercury in a simple type of apparatus. 

Another cause of criticism was introduced by the universal use of the porous-pot type of 
membrane to separate the anolyte and catholyte (Thorpe, 1903; Thompson, 1904; Monier- 
Williams, 1923; Evers, 1926; Aumonier, 1927); erratic results were frequent due to the high 
absorptive capacity of the material and the difficulty of cleaning. Parchment-paper membranes 
were first suggested (Bloxam, 1861; Sand and Hackford, 1904; Trotman, 1904) but seem to have 
been neglected although no real disadvantage is obvious in comparison with the porous-pot type. 
Some workers (Fink, 1927; Damany, 1932; Lockwood, 1939) have eliminated the membrane, 
generally by using separate compartments in the arms of some form of U-tube but control of 
convection currents and diffusion is rather uncertain. 


Many trials by the author, using various types of material, showed that the 
cellophane membrane was the most satisfactory in practice. It does not permit 
an appreciable transfer of liquid during an experiment if there exists a slight dif- 
ference in hydrostatic pressure between the anolyte and catholyte. In the period 
of electrolysis sulphate ions equivalent to 0-2 ml. of concentrated sulphuric acid 
are transferred across the cellophane membrane so that the increase in acidity from 
this cause, although obvious, is of no consequence when it is calculated that the total 
sulphate ions discharged at the anode are equivalent to 1-5 ml. concentrated sul- 
phuriec acid. 
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The cellophane membrane with normal care lasts for many determinations if 
washed free from acid and kept stored under water; in time the material does 
become more brittle and if allowed to dry on the tube when tightly stretched will 
shrink and tend to split but these facts offer no practical disadvantage, providing 
the above precautions are observed. 

The other reason for criticism in the past when using the mercury cathode was 
the oceasional lack of reducing power. The explanation is mentioned by Moerk 
(1933) ; the platinum wire leading into the mercury, if separated from it by a layer 
of acid, acts as the true cathode and the mereury then functions as an intermediate 
electrode with little or no reducing power. The apparatus therefore should not 
be moved roughly when ready for electrolysis and a sufficient depth of mereury 
should be present to reduce this possibility (a platinum wire may be sealed through 
(D) if desired but the junction tends to crack in time). The mercury cathode when 
working under satisfactory conditions is capable of reducing quinquevalent arsenic 
to arsine and this is not possible by the action of zine or other common metals in 
contact with dilute mineral acids. In such cases it is necessary to add a reducing 
agent, such as stannous chloride, and even then reduction to arsine is not always 
complete (Davis and Maltby, 1936). 

The modified tube (D) for using the cell in a continuous manner should be 
particularly suitable for the rapid routine examination of materials such as foods 
and beverages most of which contain only small amounts of arsenic; any quantity 
above the permissible limits can be detected in the minimum time. 


SUMMARY. 


The difficulties arising in the quantitative determination of minute amounts 
of arsenic in biological material are discussed. The construction and operation of 
a cheap and efficient type of electrolytic cell are described ; it incorporates a cello- 
phane membrane and a mercury cathode which is capable of reducing quinqueva- 
lent arsenic to arsine. Several cells may be run in series and a simple modification 
enables them to be used in a continuous manner suitable for many routine tests. 
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A SIMPLE LABORATORY PREPARATION OF THE MIXED 
STEROLS OF MAIZE 
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The use, in the Kahn test for syphilis, of the mixed sterols of maize in addition 
to cholesterol was devised by Eagle (1932). It has proved of great assistance but 
prevailing conditions limit their present employment in this country to a few 
fortunate institutions. Under these circumstances the writer has endeavoured to 
work out a simple method for their preparation which requires no very special 
apparatus or rare chemicals, a minimum of skilled attention and little heavy 
labour on the part of assistants. It is in essence a technical process on a very 
small seale and permits of careful control at each stage. 

The usual analytical methods of extracting the unsaponifiable fraction of an 
oil are unsuitable here on account of the relatively high solubility of the sterols in 
aqueous alcohol and the cost, scarcity and difficulty of recovery of petroleum ether, 
so that entirely different procedure is necessary. After numerous trials the fol- 
lowing method of hydrolysis of the maize oil was selected as the most economical 
in apparatus and material. 


In a two litre flask were placed 200 ¢.c. of oil, 50 gm. of NaOH, 500 c.c. of tap water, 500 c.c. 
of ethyl aleohol and 2-3 gm. of zine dust to prevent bumping. The mixture was gently boiled 
under a reflux condenser over an oil bath for fourteen hours in all. A free flame is inadmissible. 
Then a 2 ¢.c. sample was diluted with 10 ¢.c. HoO in a test tube and 4-5 ¢.c. ether, enough to form 
a small top layer, added. The tube was shaken and stood to allow separation of the layers. A 
drop of the top layer was examined under the microscope to ascertain that the oil was completely 
saponified. This is an essential precaution as the chief source of loss is the solution of some of 
the sterols in any unsaponified oil. The flask was then connected to a distilling condenser and as 
much as possible of the alcohol distilled off and retained for future use. This has the additional 
advantage of reducing the solubility of the sterols. The hot liquid in the flask was poured 
into 5 litres of 2 p.e. CaCly solution in tap water. Next day the precipitate of calcium soaps and 
entrained sterols was filtered off from the clear liquid on a Buchner funnel. Turbidity at this 
stage is a sign of insufficient CaClo. It was washed with a litre of distilled water and thoroughly 
dried. The drying must be thorough and an old gas-heated vacuum oven proved most helpful. 
It was then ground in a large mortar. Five such batches were combined for the extraction of the 
sterols. Maize sterols, unlike cholesterol, are appreciably soluble in acetone at 15-20° C., while 
the solubility of calcium soaps in this liquid is very low indeed. Hot acetone converts the soaps 
into a viscous, intractable mass. The extractor used consists of a piece of 4” iron pipe 20” long. 
From its base a copper pipe with a liquid trap leads to a 1 litre flask from which another pipe 
leads to the top of a metal condenser whose exit enters the iron pipe at the top. The soap was 
placed in a brown paper bag with glued seams in the extractor. Dry acetone was poured in at the 
top until 600 ¢.c. had run through into the flask. After closing the top the flask was heated in a 
water bath and thus acetone was circulated through the soap for two working days, i.e. about 
14 hours, at the end of which time no appreciable amount of sterol remained in the soap. To 
avoid waste of acetone, the soap was removed from the bags and heated in a closed vessel fitted with 
a condenser. The acetone in the flask was distilled off and recovered. To overcome any slight 
imperfections in the large extractor the extraction with cold acetone was repeated in a small 
glass extractor in which the crude sterols were contained in a soxhlet thimble. The acetone was 
again removed by distillation. The sterols were dissolved in 250 ¢.e. hot 90 p.c. aleohol, and filtered 
through a pleated paper while still hot. The alcoholic filtrate was evaporated on a water-bath 
to 50 ¢.c. and left at 0° C. overnight. The sterols were filtered off, washed with a little cold 90 p.c, 
aleohol, and dried in vacuo. It was ascertained that the mother liquor contained so little sterols 
that it might be discarded. Like cholesterol, the maize sterols crystallize from ether or acetone in 
needles but from aleohol in plates. It is possible that this method is a suitable first stage for the 
preparation of other sterols. 


SUMMARY. 


A simple preparation is described of the mixed sterols of maize for use in the 
Kahn test for syphilis. 
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STUDIES IN THE EPIDEMIOLOGY OF Q FEVER 
9, THE ROLE OF THE COW IN THE TRANSMISSION OF HUMAN INFECTION 
by E. H. DERRICK, D. J. W. SMITH anv H. E. BROWN 


(From the Queensland Department of Health and Home Affairs, Brisbane). 
(Accepted for publication 17th March, 1942.) 


A study of the occupations and geographical distribution of Q fever patients 
has shown, inter alia, that : 


1. Nearly all the patients who lived in the country were associated with cattle. 
Of 34 whose occupations were definitely known, 26 worked on dairy farms, 2 were 
meat workers and 3 others had close contact with cattle. Only 3—a timber worker, 
a fruit farmer and a butter factory employee—had no apparent association with 
cattle, although, as they lived in dairying districts, casual contact could not be 
excluded. 

2. Practically all the Brisbane patients (112 of 118) worked at meatworks, 
and were thereby associated more or less closely with cattle, sheep and pigs. With 
some of the patients (visiting truck drivers, carpenters, electrician, laundryman, 
ete.) the association with stock was admittedly rather remote. 

3. On Moreton Island, bandicoots and bandicoot ticks (Hacmaphysalis humer- 
osa) infected with Q fever are numerous, but no human case of infection is known. 
Some link in the transmission to humans appears to be ebsent, and in this respect 
the absence of cattle (and scrub-ticks—Irodes holocyclus) from the island may be 
significant. 


To clarify the relationship suggested by the above observations between cattle 
and the transmission of Q fever to man, investigations have been made into: 1. The 
susceptibility of calves; 2. The possibility of infecting cattle-ticks ; 3. The presence 
of serum agglutinins in dairy cattle. 
1, THE SUSCEPTIBILITY OF CALVES TO EXPERIMENTAL INOCULATION WITH 

Q FEVER. 

Two ealves were inoculated subcutaneously on 9.5.40 with 20 ml. of liver-spleen emulsion 
from an infected guinea-pig. Calf 3 was a female about 8 months old, weighing about 140 kg. 
Calf 4+ was a female about 7 months old, weighing 132 kg. 

Both calves showed a temperature reaction on one 
day only—the third day after inoculation (Fig. 1). 
a a On that day both calves drooped slightly, and did not 
eat all the fodder provided. Calf 4 seemed to be 
puffing a little and a little fluid was running from 
: its nostrils. All signs of illness in Calf 4 had dis- 
appeared three days later. 

Calf 3 was killed on the fourth day. The only 
abnormalities found at post-mortem examination 
were a slight increase in peritoneal fluid and a defin- 

ite inerease in pericardial fluid. The spleen was not 

WWW enlarged. Guinea-pigs were inoculated as indicated 
in Table 1. The two inoculated with large amounts of 
spleen developed obvious Q fever after an incubation 
ol s 7 "4 period of nine days; those with large amounts of 
DAYS AFTER INOCULATION liver developed inapparent infections; those with 
blood and with small amounts of spleen remained 

Fig. 1. Temperature charts of the uninfected. Reacting guinea-pigs, when tested 


calves inoculated with Q fever: O, Day later, were proved to be Q-immune. The infectivity 
of inoculation; TL, Ticks placed on of the ealf-tissues was obviously of a low order. No 
left ear; TR, Ticks placed on right rickettsiae were seen in smears of blood, liver, spleen 


ear; K, Killed. or kidney. 
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Blood from Calf 4 was inoculated daily into guinea-pigs (Table 2). The virus was re- 
covered once only; a guinea-pig inoculated with three ml. of blood on the fourth day developed 
a fever of four days’ duration after an incubation period of sixteen days, and was later found 
immune to Q fever. That the calf’s blood was infective was confirmed by the infection of ticks 
as described below. Its infectivity was, however, low and of short duration. Guinea-pig inocula- 
tion demonstrated it on one day (the fourth) ; the fever suggested it on another day (the third). 

It is unfortunate that, of eight guinea-pigs inoculated with three or four ml. of blood from 
the calves, five should die within a few days. This was particularly unfortunate on the febrile 
(third) day, when the blood of both calves was probably infective; three of four guinea-pigs 
inoculated on that day died. The fourth guinea-pig did not react. The blood was withdrawn 
from the jugular vein of the calves and immediately inoculated intraperitoneally into the guinea- 
pigs. The dose was reduced for later inoculations, but by then the infective period had passed. 

The serum of Calf 3 showed no agglutinins for Rickettsia burneti before inoculation or on the 
fourth day thereafter. With Calf 4 significant agglutination (++) developed 11 days after 
inoculation and persisted for 29 days (Table 3). The highest titre (1/30) was reached on the 
14th day. 

The calves used in this experiment were obtained from Pittsworth, a district free from cattle- 
ticks (B.a. microplus) and outside the Q fever endemic area. They were probably, therefore, 
without previous contact with Q fever; but placing cattle-ticks on them for the second part of the 
investigation exposed them to a risk of tick fever, an attack of which would have confused the 
temperature chart and the clinical picture. However, no such complication occurred. Daily 
blood slides were free from parasites, and there was no temperature reaction ascribable to tick 
fever. (The fever of May 12 was too early). 

The inoculation of the calves, therefore, resulted in a mild infection of both. Infection was 
demonstrated by the recovery of the virus from blood, liver and spleen, and confirmed by the de- 
velopment of specifie agglutinins. 

The illness of the calves was very mild. If these cases are typical, Q fever in cattle is not 
likely to cause concern to dairy farmers. This opinion is confirmed by the history of cattle on the 
farms where cases of human Q fever have occurred. These cattle have likewise been exposed to 


TABLE 1. 
Guinea-pig inoculations, calf 3. 


Days after inoculation. Inoculum. Result. 

Blood, 3 ml., 4 ml. 

Blood, 0-5 ml., 3 ml. 

Liver about 1 gm. (inap.) 

Spleen about 1 gm. 

Spleen, 0-01 gm. 

Spleen, 0-001 gm. 

Spleen, 0-0001 gm. 

+ means the guinea-pig developed Q fever. 0 means the guinea-pig did not develop Q fever. 

? means the guinea pig died from some other cause before Q fever could develop. (inap.) means 
inapparent infection. 


TABLE 2. 


Guinea-pig inoculations with blood from calf 4. 


Days after inoculation. Amounts inoculated (in ml.) and result. 
2 


- 


SERPS 


wo 


Whole blood was inoculated up till the 13th day, thereafter blood clot only. 


3 
4 0-01 0, 0-01 0 
5 0-01 0, 0-01 0 
6 0-01 0, 0-01 0 
7 
8 
9 
10 
11 
12 
13 “5 
14 
16 
18 
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infection and some must have been infected, yet enquiry has not disclosed illness among them 
attributable to Q fever. Thus patient 55, who spent most of his time among the cattle on his 
father’s farm, is quite certain that none of the cattle were sick during the six months before his 
illness. _— 56, also, stated that there had been no sick cattle on his property in the previous 
six months. 


TABLE 3. 
Serum agglutinations for R. burneti, calf 4. 


Days after inoculation. 1/10 1/30 =1/100 Days after inoculation. 1/10 1/30 


0 +++ ~ 

8 25 +++ 

9 Tr 28 
10 Tr 32 +++ 
11 ++ 35 ++ _ 

12 +++ Tr 37 ++ - 

13 +++ + 40 ++ 

14 ++? ++ 43 

16 + 48 ~ 

18 +++ Tr 51 -- 


bo 
4 
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2. INFECTION OF THE CATTLE-TICK BOOPHILUS ANNULATUS MICROPLUS CAN. 


The ability of B.a. microplus, the common cattle-tick of Queensland, to act as a carrier of 
R. burneti was tested concurrently with the experimental determination of the susceptibility of 
calves to Q fever. 

The ticks used in this experiment were the progeny of a number of engorged female ticks 
collected from slaughtered cattle at the Brisbane abattoir. Their freedom from infection with 
R. burneti was demonstrated by the failure of the adults and representative samples of the young 
larvae to infect guinea-pigs into which they were inoculated. 

The ticks were fed upon the ears of Calf 4. Each ear was supplied with two bags; an inner 
bag of fine voile inside which the young ticks were placed, and an outer protective bag of stiff 
calico. The bags, which were made with long flaps extending from their mouths, were drawn up 
over the base of the pinna and fixed in position by the liberal application of Unna’s paste. A 
slit sealed with a strip of adhesive plaster, in the side of each bag provided a means of access to 
the ear for the examination and removal of ticks. 

Several thousand larval ticks were placed on the calf—the majority on the left ear two days 
prior to the animal’s inoculation with Q fever, the others on the right ear on the day of inoculation 
(9.5.40). They were removed from the host at intervals during their development to maturity, 
and tested for infection by inoculation into guinea-pigs and examination of stained smears and 
serial sections. (B.a. microplus is a one-host tick whose developmental cycle upon the host lasts 
about three weeks—the time being divided about equally between the larval, nymphal and adult 
stadia). 

Infected ticks (adults) were recovered from the left ear on the twentieth, twenty-first and 
twenty-second days upon the host. None of the ticks on the right ear was found to be infected. 

Left ear ticks. One hundred nymphs removed on the eleventh day, and twenty on the fifteenth 
day, failed to infect animals into which they were inoculated. Seventy unengorged adults, thirty 
males and forty females collected on the fourteenth day, and forty semi-engorged females col- 
lected on the eighteenth day were likewise non-infective. 

The virus was recovered on the twentieth day when ninety-two engorged female ticks were re- 
moved for examination. Seventy-two ticks were ground up in batches of forty and thirty-two 
and portions of each emulsion were inoculated into four guinea-pigs. Two of the four animals 
became infected in each instance. Twenty ticks were retained until the completion of oviposition 
before they were examined. Five of these ticks were inoculated singly into guinea-pigs, one of 
which became infected ; no rickettsiae were seen in smears prepared from these ticks prior to their 
inoculation. The remaining fifteen ticks were ground up together and inoculated into a pair of 
animals neither of which became infected. 

One hundred and eighty engorged female ticks were removed on the twenty-first day. One 
hundred and forty of them were ground up in two batches of fifty and one batch of forty ticks. 
Two guinea-pigs were inoculated with the emulsion of each batch; all of the animals became 
infected. Thirty ticks which were examined after they had oviposited were ground up in three 
batches of five and one batch of fifteen. They failed to infect the animals into which they were 
inoculated; no rickettsiae were detected in smears prepared from fifteen of these ticks prior to 
their inoculation. The remaining ten ticks which were examined by means of serial sections 
appeared not to be infected. 

One hundred and ninety-three engorged female ticks and ninety-nine male ticks were collected 
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on the twenty-second day. The female ticks, which were ground up in batches of ninety-three 
and one hundred, and the male ticks infected the guinea-pigs into which they were inoculated. 
The data relevant to these examinations are summarized in Table 4. 

Right ear ticks. The ticks on the right ear of the calf, like those on the left ear, were removed 
at intervals and examined in a similar manner (Table 4). No evidence of infection was obtained 
in the three hundred and forty-eight ticks examined. 


Comment on Results. 


It appears that relatively few of the ticks removed from the calf’s left ear were infected. 
With but one exception the successful inoculations were made with aliquot portions of emulsions 
of large numbers of ticks, and the long eleven-to-seventeen-day incubation periods which charac- 
terized the guinea-pig infections indicated small amounts of virus in the inocula. The low pro- 
portion of infected ticks may readily be explained. The blood of the calf was probably infective 
on the fifth day (the febrile day) of the ticks’ sojourn and was proved by guinea-pig inoculation 
to be infective on the following day. On the fifth day all the larval ticks had completed their 
engorgement—larvae engorge in three days (Sapre, 1940)—but none had emerged as nymphs. On 
the sixth day the bag was not opened for examination, but a few nymphs were probably present ; 
nymphs emerge first on the sixth day (Legg, 1930). Many had emerged by the seventh day. It 
is likely that only those early nymphs which emerged on the sixth day were exposed to, and 
acquired, infection. 

The apparent failure of the ‘‘ right ear’? ticks to become infected may similarly be explained. 
These larvae began their engorgement two days after those on the left ear. In their case the 
‘“infective period’’ probably occurred after engorgement and prior to ecdysis. 


Examination of Progeny of Adult Ticks. 


Sixty-six of eighty ticks which were retained to oviposit before examination laid viable ova. 
Only one of these parent ticks was proved to be infected (Table 4). Neither its offspring nor 
those of the other sixty-five produced infection in guinea-pigs into which they were inoculated. 


TABLE 4. 
Inoculation of ticks into guinea-pigs. 
Ticks from left ear. Ticks from right ear. 
Days upon Daysupon 

Date. host. Inocula and results. host. Inocula and results. 

9.5.40 2 (Inoculation of calf) 0 

14.540 — 5 10L—, 10L— 
185.40 11 10N—,10N—, 10N—, 9 10N—, 10N— 

10 N —, 10 N —, 50 N — 

21540 14 10M—, 10M—, 10M—, 12 10N—, 10N— 


20 F ?, 20 F — 
225.40 15 10N—,10N— 
25.55.40 18 10F—, 10F—, 10F—, 10F — 
275.40 20 40F-, +, —, +, 18 10F—, 10F—, 10F—-, 
32 F ?, —, +, +, 10 F—, 10 F — 
15F—, —, *1F—, 
*1] F—, *1F-—, *1F—-, *1F+ 
28.5.40 21 50F +, +, 50F+4+, +, — a 
40F 4+, +, 15F—, *5F—, 
*5F—, *5F— 
(10 F. Serial Sections — ) 


29.5.40 22 100F +, 93F +4, 
99M + 1F—,1F-—,1F-, 
1F-—,1F— 
30.5.40 23 27F? 21 20F—, 20F-—, 12F-, 
31.540 — — 22 10F—, 10F—, 10F — 
10 F—, 10 F—, 50M —. 
50 M — 
821 Ticks. 348 Ticks. 


L, Larva; N, Nymph; M, Male; F, Female; ?, Guinea-pig died; *, Smears examined before 
inoculation. 


i 


STUDIES IN THE EPIDEMIOLOGY OF Q FEVER 109 


The Infectiousness of Tick Faeces. 


A sample of faeces removed from the left ear-bag on the eighteenth day of the ticks’ sojourn 
upon the host was found to contain the virus. Two days later about one gram of faeces was col- 
lected from the bag and stored at room temperature for a period of eighty-seven days after which 
it was tested by inoculation into two guinea-pigs and found to be infective. In each instance the 
guinea-pig infections were inapparent in nature becoming obvious on passage; the transfer of the 
infection to mice was attended by the detection of typical rickettsiae in smears of their livers 
and spleens. 


3. THE PRESENCE OF AGGLUTININS IN THE SERA OF DAIRY CATTLE. 


The finding of agglutinins for R. burneti in the serum of one cow has already been reported 
(Freeman et al., 1940). This cow was one of 24 belonging to a farmer who himself had had 
Q fever. The examination of the sera of dairy cattle in the coastal areas north of Brisbane has 
been continued. Some of these sera were obtained directly for this purpose. Most had been 
collected to test for Brucella abortus and were kindly made available to us by the staff of the 
Animal Health Station, Yeerongpilly. 

In addition to the sera previously reported, 879 were tested from 16 farms; significant 
agglutinins were found in 13 sera from 5 farms. 36 sera came from three farms where human 
Q fever had occurred; one was positive. Of the 13 agglutinating sera, 6 showed partial agglutina- 
tion (++) at a dilution of 1/10, one complete agglutination (+++) at 1/10, and six some 
agglutination (+ to +++) at 1/30. The positive sera came from Conondale, Coolum, Kan- 
danga and Gayndah. These places are from 56 to 157 miles from Brisbane. 

These results indicate that some of the cattle on dairy farms in the endemic area have become 
infected with Q fever. 

Inquiry among the farmers did not disclose any apparent illness in the reacting cows in the 
previous few months. This is in accord with the mildness of the illness in the experimentally 
infected calves. 


DISCUSSION. 


The association of many patients with cattle, the experimental infection of 
calves, the finding of dairy cows recovered from naturally acquired infection, and 
the demonstration that the common cattle-tick B.a. microplus may become infected 
through feeding upon infected cattle, provide strong support for the belief that 
the cow plays an important part in the transmission of Q fever to man. 

It appears likely that cows become infected primarily from the native animal 
reservoir by means of ticks. J. holocyclus Neumann, the common scrub-tick of 
Queensland, is probably most important in this respect; it is a three-host tick 
commonly found on bandicoots in the Q fever area, it attacks cattle, and when 
tested in the laboratory was found capable of transmitting infection (unpublished 
data). H.humerosa, a proved vector, and several other species of tick previously 
noted (Smith, 1940), but not yet investigated, may also perhaps carry infection 
from bush-animals to cattle. 

B.a. microplus—a one-host tick—could not alone maintain a cycle of infection 
in bovines unless transovarial passage of the virus, which has not been demon- 
strated, took place. However the three-host eattle-tick Haemaphysalis bispinosa 
Neumann, which also occurs within the area although less abundantly than 
B.a. microplus, has also been proved a potential vector (unpublished data) and 
may be an important factor in the maintenance of bovine infections. 

Iiuman infections in the country districts may therefore be ascribed to one 
or other of the following sources: 


(a) Direct attack by native ticks in the absence of cattle. (J. holocyclus is 
well known to attack man). 

(b) Direct infection from body-tissues and fluids of an infected cow. 

(ce) Indirect infection from an infected cow through the tissues or excreta of 
ticks, principally B.a. microplus, feeding on it. (The cattle-tick H. bispinosa 1s 
known to attack man in New Zealand—Myers, 1923—and it may do so here). 


Tissues of ticks of various species infected with R. burneti have been found 
highly infective. This probably applies also to B.a. microplus although it was not 
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demonstrated in this investigation. The high degree of infectivity of tick tissues 
and the proved survival of the virus in the tick’s excreta for a prolonged period 
suggest that indirect infection is the most important method. 

It is likely that infection is carried to the meatworks from the rural endemic 
area by cattle. (Pigs and sheep have not yet been adequately investigated. Of the 
latter there are only butchers’ stocks within the area. Both appear unlikely 
carriers owing to their freedom from suitable vectors). Dairying is carried on 
throughout most of the endemic area, and many calves and old cows are sent for 
slaughter. Meatworkers may conceivably acquire infection from cattle either 
directly or indirectly. In the latter case, the mode of infection may sometimes be 
inhalation of dust containing tick faeces. 


SUMMARY. 


The following facts strongly suggest that the cow plays an important part in 
the transmission of human Q fever. 


(1) Most country patients (31 of 34) have had close contact with cattle. 

(2) Most Brisbane patients (112 of 118) have worked at meatworks. (With 
some the association with cattle has been remote). 

(3) Two calves were found susceptible to Q fever. After inoculation from 
infected guinea-pigs, they had a brief, mild illness, and the virus was isolated 
from them. 

(4) Cattle-ticks (B.a. microplus) were fed on one of the calves, and some 
became infected, as demonstrated by guinea-pig inoculation. Faeces from ticks 
contained R. burneti, and these survived storage for 87 days. 

(5) Agglutinins for R. burneti were found in the sera of 13 out of 879 dairy 
cattle tested in the Q fever endemic area. 


Cattle therefore are susceptible to Q fever, and in the endemic area natural 
infection occurs among them. 

It is likely that the cows become infected from the animal reservoir by means 
of ticks (other than B.a. microplus), and that they can then transmit the infection 
to humans either directly from their tissues or indirectly from the crushed tissues 
or faeces of their ticks. 
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OXIDIZING EFFECTS OF ACIDIFIED OXYHAEMOGLOBIN 
SOLUTIONS 


by R. LEMBERG 
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By the action of acids oxyhaemoglobin is transformed into ‘‘acid haematin’’ 
with evolution of oxygen. This process is considered as acid denaturation of the 
globin followed by liberation of oxygen, splitting of the denatured globin-haemo- 
chromogen by acid and autoxidation of the haem to haematin. It is, however, com- 
plicated by other reactions. Oxidizing effects of acidified oxyhaemoglobin solu- 
tions on parts of the haemoglobin molecule itself as well as on added substances 
have been described in earlier papers from this laboratory and by other authors. 
Both the globin (Holden, 1936, 1937; Rawlinson, 1939) and the haematin (Legge 
and Lemberg, 1941) undergo some oxidation, and only a part of the oxygen bound 
to haemoglobin is evolved (Lemberg and Legge, 1938). Ascorbie acid (Lemberg 
and Legge, 1938; Fujita et al., 1939), biliverdin (Lemberg, Lockwood and Legge, 
1941) and bilirubin (Engel, 1939) added to oxyhaemoglobin solutions are oxidized 
on acidification. This oxidation of ascorbic acid is entirely different from its 
direct interaction with unaltered oxyhaemoglobin (coupled oxidation). The latter 
is slow, and during the few seconds oxyhaemoglobin and ascorbic acid are in contact 
before acidification in our experiments, no measurable coupled oxidation occurs. 
No reduction of oxyhaemoglobin to haemoglobin is observed spectroscopically. 

The oxidation of ascorbic acid occurs immediately on the addition of the 
denaturing acid. It was therefore assumed that the oxygen liberated from oxy- 
haemoglobin by acid is in an active state and that it oxidizes ascorbic acid directly. 
In later experiments with biliverdin it was found, however, that the oxidizing 
power of the acidified oxyhaemoglobin solutions did not disappear as rapidly as in 
the ascorbic acid experiments. This could not be reconciled with the assumption 
of direct oxidation of biliverdin by active oxygen, since the active oxygen cannot 
have a long life time. It was, therefore, necessary to study the reactions with 
ascorbic acid and biliverdin more fully, giving particular attention to the time 
between acidification and addition of the oxidizable substance, as well as to the 
molar ratio oxyhaemoglobin to oxidizable substance, which had been much higher 
in our experiments with biliverdin than in those with ascorbic acid. 


EXPERIMENTS. 


Oxidation of Ascorbic Acid by Acidified Oxyhaemoglobin. 


Solutions of crystalline horse oxyhaemoglobin, containing 0-7 p.c. haemoglobin, and crystal- 
line ascorbic acid were used. Ascorbic acid was titrated in an aliquot of the trichloroacetic acid 
filtrate with dichlorophenolindophenol indicator. Trichloracetie acid filtrates from oxyhaemo- 
globin solution did not contain reducing substances. Acetic acid was added to a concentration of 
10 p.c. and the ascorbic acid was added immediately before, or various periods after the acidi- 
fication. The acidified oxyhaemoglobin solutions were left to react with the ascorbic acid for 30 
seconds before precipitation with trichloroacetic acid, except in the experiments in which ascorbic 
acid was added 30 minutes after the acetic acid; in these, trichloroacetic acid was added 15 minutes 
after the addition of the ascorbic acid. The experiments were carried out at room temperature. 

The ratio oxyhaemoglobin to ascorbie acid was varied (columns a-f, Table 1). If A is the 
percentage of ascorbic acid destroyed when added before acidification, B when added 20 seconds 
after acidification and C when added 30 minutes after acidification, (A~B) represents ascorbic 
acid destroyed by a system which rapidly disappears, (B-C) ascorbic acid destroyed by a system 
which disappears slowly during 30 minutes and C ascorbie acid destroyed by a system still 
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present after 30 minutes. In Table 1 A, 4;, Ao and Ag mean A, (A-B), (B-C) and C respectively, 
expressed in terms of mole ascorbic acid per mole oxyhaemoglobin—Oy. If A is 100 p.c. it is 
evident that more ascorbic acid would have been destroyed, if more had been present, and only 
minimum values are thus obtained for A and A). 


TABLE 1. 


u moles haemoglobin—O. 
moles ascorbic acid 
haemoglobin—O. 
ascorbic acid 
| (A) before acidification 


Initial molar ratio 


P.e. ascorbic acid 
oxidized, 
when added 


(B) 20 seconds after 
3 minutes after 


| 15 minutes after 
(C) 30 minutes after 


moles ascorbic acid oxidized | 06 


moles haemoglobin—O. °07 "085 (0-08 09 
-06 ‘ “0! °17 


The ascorbic acid is destroyed in a very rapid reaction during 30 seconds and columns d-f 
show that the greater part of this destruction is due to a system which has disappeared a few 
seconds after acidification. One mole O. from acidified oxyhaemoglobin oxidizes about 0-7 mole- 
cules ascorbie acid and at least 0-5 molecules are destroyed by the rapidly decaying system. All 
the ascorbic acid added to oxyhaemoglobin before acidification may be destroyed by this system, 
but there is also evidence for the existence of a second mechanism (see below) which disappears 
gradually in 15-30 minutes after acidification, to which A, is due. Ag may also be partly due to 
this mechanism but it is partly caused by adsorption of ascorbic acid to the precipitate (ef. Lem- 
berg and Legge, 1938). We have shown in that paper that adsorption does not play any large 
role in the disappearance of ascorbic acid. In the absence of oxygen only a small disappearance 
of ascorbie acid can be observed. The difference between the activity of the stable and the 
unstable oxidizing system is less apparent in the experiments with smaller amounts of ascorbic 
acid (columns a-c), but here it is hidden by the fact that only minimum values for the activity of 
the unstable oxidizing system can be obtained. 


Oxidation of Biliverdin by Acidified Oxyhaemoglobin. 


The same oxyhaemoglobin solution was used as in the experiments with ascorbie acid. A few 
mg. of pure crystalline biliverdin were weighed on a microbalance and dissolved in 0-1 N am- 
monia. The bile pigments were isolated from the reaction mixture in the manner described by 
Lemberg, Lockwood and Legge (1941) using Method 3 (p. 370) with the improvements described 
by Lemberg and Legge (1942). In this way the ratio biliviolin to unoxidized biliverdin is esti- 
mated directly by the spectrophotometer, and the small loss of total bile pigment in the isolation}, 
found to average 16 p.c. (Lemberg, Lockwood and Legge, 1941, p. 372), cannot influence the 
results substantially. It has been shown previously that biliviolin is the only product of the 
oxidation of biliverdin under the conditions of the experiments. The acetic acid concentration 
in these experiments was 66 p.c., a greater concentration than in the ascorbie experiments, in 
order to keep the bile pigment in true solution. On the other hand the acetic acid concentration in 
the ascorbic acid experiments has to be kept low in order to ensure a complete precipitation of the 
haematin with trichloracetic acid. It is not likely that the differences between the experiments 
with biliverdin and ascorbic acid are due to this altered technique. 

The results are summarized in Table 2. The variations are larger than in the experiments 
with ascorbic acid, but the conclusions drawn are not affected by this. 

Biliverdin requires for its oxidation a larger excess of oxyhaemoglobin than ascorbie acid. 
While 1 mole of O» from acidified oxyhaemoglobin oxidizes about 0-7 moles of ascorbie acid. it 
oxidizes no more than 0-07 moles of biliverdin. Secondly it ean he seen that the oxidation of bili- 
verdin is largely or entirely due to the system which disappears from the reaction mixture in 
15-30 minutes. Only one experiment (column e) indicates some direct destruction of biliverdin 
by active oxygen. 

In order to see whether biliverdin can be oxidized by ferric haematin compounds, experiments 
with methaemoglobin were carried out. Methaemoglobin was prepared by action of ferricyanide 
in slight excess on horse oxyhaemoglobin followed by dialysis. Table 3 shows that acidified 


1If impure biliverdin is used instead of the pure crystalline substance, the loss is larger, 
since impure biliverdin contains ether-insoluble by-products. 


a. b. e. a. e. f. 
4-2 4:2 42 21 0-84 
0-8 1:13 1:6 0-93 1-86 1:6 
100 100100 75 38-5 
67 57 54 24 21 13°5 
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methaemoglobin oxidizes much less biliverdin than acidified oxyhaemoglobin of the same concen- 
tration. It makes no difference whether the biliverdin is added before or after acidification. 
Finally, the amount of biliverdin oxidized is the same as that oxidized by aged acid haematin from 
oxyhaemoglobin. 


TABLE 2. 


a. 
u moles haemoglobin—O» 21 
moles biliverdin 


haemoglobin—O. 
biliverdin 
before acidification 
20 seconds after 
P.c. biliverdin oxidized, 4 1 minute after 
when added 8 minutes after 
15 minutes after 84 
60 minutes after 0 
A >0-008 
moles biliverdin oxidized A; 
moles haemoglobin—O. >0-008 
A3 0 


Jnitial molar ratio 


bo no 


| a ow 


oc 


TABLE 3. 


moles oxyhaemoglobin 
moles methaemoglobin 
» moles biliverdin 
{ before acidification 58 
P.e. biliverdin oxidized when added 20 seconds after 54 

14 minutes after 18 


It is clear, therefore, that the slowly disappearing oxidizing system also depends on the 
liberation of oxygen from oxyhaemoglobin and is not due to a ferric haematin compound. Hydro- 
gen peroxide is a compound which may arise in the acidification of oxyhaemoglobin and which 
would persist in the solution until used up by peroxidative or eatalatie destruction. Therefore the 
action of very smal! amounts of H»O. on biliverdin in the presence and absence of acid haematin 
was studied. In the experiments summarized in Table 4 ‘‘acid haematin’’ was prepared by 
acidification of oxyhaemoglobin with acetic acid in the usual way. It was allowed to stand for 
60 minutes before adding H.O. and biliverdin. During this time the solution has lost its power 
of oxidizing biliverdin. Addition of a few ug. of HoO. just before addition of biliverdin restores 
to the acid haematin the oxidative power towards biliverdin, which the freshly acidified oxy- 
haemoglobin possessed, while H»O. alone did not oxidize biliverdin. Lemberg and Legge (1940) 
observed that biliverdin is rather stable to HO. in acid solution. 


TABLE 4. 


» moles haematin 1-32 1-32 
uw moles biliverdin 0-30 0-30 
moles — 0-50 
to oxyhaemoglobin 9:7 

before acidification 


P.c. biliverdin | to acid haematin 60 

oxidized when ( mins. after acidifica- 0-9 
added tion (without 

to acid haematin 60 


mins. after acidifica- 
tion (with 


The transformation of a small fraction of the oxygen of oxyhaemoglobin into H.Oz thus suf- 
fices to explain the effect of acidified oxyhaemoglobin solutions on biliverdin. In all experiments 
one mole of H»O. oxidizes about 0-15 moles of biliverdin with acid haematin as peroxidative 
catalyst. 


b. e. 
16 0-18 0-155 0-30 
11-7 8-6 4-4 
62:5 58 9-7 
60 54 4-2 
505 
32-5 — 
25 18 8 1-1 
7 0-9 
0-054 0-068 045 0-022 
0-002 0-005 009 0-012 
0-030 0-042 030 0-008 
006 0-002 
| 
1:32 1°32 — 1°32 1°32 1°32 
0-30 0-17 0-17 0-17 0-17 0-17 
0-20 — 0:50 0:50 0-20 0-10 
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DISCUSSION. 


It is now possible to explain the mechanism of the oxidations caused by acidi- 
fied oxyhaemoglobin comprehensively. Only a part of the oxygen of oxyhaemoglo- 
bin is evolved as molecular oxygen, the other part is used up in oxidative reactions. 
In the absence of other substances the globin part of the haemoglobin molecule acts 
as hydrogen donator and hydrogen peroxide is thus formed, which in turn causes a 
small destruction of the haematin with release of easily detachable iron and also 
probably a further oxidation of globin. The attachment of the prosthetic group 
to the globin is altered in such a way that some of the haematin becomes firmly 
bound to the globin (Lemberg, Legge and Lockwood, 1941, p. 343). The initial 
reaction can perhaps be considered as an intramolecular reaction, in which the 
resonance structure of the oxyhaemoglobin molecule is altered by the action of the 
acid on the globin in such a way that the oxygen acquires oxidative properties. The 
formation of ‘‘easily detachable iron’’ has already been explained as action of 
HO. by Venndt (1940), but no evidence was adduced to support this assumption, 
nor was the formation of the H.O. explained. Biliverdin is mainly oxidized by the 
hydrogen peroxide thus formed with acid haematin as peroxidase. Ascorbie acid 
is oxidized directly by the active oxygen and is therefore able to prevent oxidation 
of the globin and formation of a firm linkage between globin and haematin as well as 
formation of hydrogen peroxide and, hence, oxidation of the prosthetic group and 
of added biliverdin. Perhaps ascorbic acid is able to combine with oxyhaemoglobin 
to a complex in which the reaction takes place (ef. Szent-Gyérgyi, 1938). If 
ascorbic acid is added after the active oxygen has reacted with globin and hydrogen 
peroxide has been formed, it is also destroyed by peroxidative reaction though to a 
less extent. Peroxidative destruction of ascorbic acid with cathaemoglobin as 
catalyst has already been described by Szent-Gydérgyi (1928) with haematin by 
Fischer (1937), and with heat denatured haemoglobin by Jayle (1939). Bilirubin 
is easily oxidized to biliverdin by H.Qvs in acid solutions (Lemberg and Legge, 
1940). This reaction, probably also accelerated by the peroxidative action of the 
haematin, explains the oxidation of bilirubin observed by Engel (1939), who has 
demonstrated that the addition of ascorbic acid to plasma containing oxyhaemo- 
globin renders possible the exact determination of bilirubin by the van den Bergh 
technique. 

The present paper shows that care must be taken to avoid oxidation by active 
oxygen or hydrogen peroxide in determinations of oxidizable substances in bio- 
logical fluids containing oxyhaemoglobin. Adrenaline is certainly oxidized during 
the precipitation of whole blood with trichloracetic acid and is not absorbed by the 
denatured proteins (Cahen, 1938). For the determination of ascorbic acid it is 
better to prevent oxidation from the beginning than subsequently to reduce de- 
hydroascorbie acid, formed by oxidation during the acidification of solutions con- 
taining oxyhaemoglobin. This is done unintentionally by Emmerie and van 
Eekelen (1934), when they remove mercuric acetate by hydrogen sulphide in their 
method for determination of ascorbic acid in whole blood. Oxidation is best 
avoided by deproteinization after transformation of oxyhaemoglobin into reduced 
haemoglobin or CO-haemoglobin. In other cases it may be prevented by the addi- 
tion of ascorbic acid. 


SUMMARY. 


When a solution of oxyhaemoglobin containing ascorbic acid is acidified, 
ascorbic acid is destroyed. This destruction is largely due to direct oxidation by 
active oxygen and is no longer found when the ascorbic acid is added after acidifica- 
tion. 
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Biliverdin is also oxidized by acidified oxyhaemoglobin, but is still oxidized 
when added after acidification. This oxidation is due to hydrogen peroxide formed 


by the action of active oxygen on the globin, with acid haematin acting as peroxi- 
dative catalyst. 
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THE ACTION OF BARBITURATES ON THE ISOLATED 
INTESTINE? 
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The depressant action of barbituric acid derivatives on smooth muscle has 
been described by several authors (bibliography see Gruber, 1936), but the exact 
site of action has not been demonstrated. With respect to the action on the cardiac 
vagus nerves Gruber (1938) is of the opinion that they act on the post-ganglionic 
fibres and perhaps on the ganglion itself. The present work was undertaken to 
determine the site of action on the excised intestine and to investigate the inter- 
action between barbiturates and other drugs on this preparation. 


EXPERIMENTAL. 


The technique of the isolated intestine (rat or rabbit) was similar to that described by 
Burn (1928). The volume of the bath employed was approximately 20 ¢.c. Adequate precautions 
were taken to maintain a constant hydrogen ion concentration (Gruber, 1926). 

The action of various barbiturates. The following derivatives in the doses indicated gave 
similar responses, i.e. always a fall in tone and sometimes a cessation of motility, Luminal 1: 103; 
Dial, Nembutal, Amytal, 1: 104; and Seconal (1: 2 X 105). 

After washing out the barbiturate the intestine recovers in less than 5 minutes. 


The Interaction between Barbiturates and Other Drugs. 


Acetyl choline (A Ch.). An optimal dosage of A Ch. is first determined and after about 
3-6 minutes the dosage of A Ch. is repeated. The response to the second dose of A Ch. is usually 
only about half that to the first. If the response to A Ch. has not been affected, increasing the 
dose of barbiturate (2 to 3 fold) will lessen it. In certain cases, especially with amytal the re- 
sponse to A Ch. may be abolished. After washing out the barbiturate (5 minutes) the response 
to A Ch. returns to normal. 


Fig. 1. Rat Intestine. E, Eserine 1: 500,000. L, Lu- Fig. 2. Rat Intestine. Nicotine 
minal 20 mg. Stimulating Action. N, Nicotine 
1: 20,000. D, Diall mg. W.O., 

Wash out. 


Adrenaline. A repetition of the above experiment showed that it was the exception rather 
than the rule for the depressant action of adrenaline on the intestine to be lessened by the bar- 
biturate. 

Barium. The results paralleled those obtained with A Ch. a 

Eserine. Eserine (1:3 X 106 to 1: 106) restored the tone and motility of a gut depressed 
by barbiturates. In a further experiment eserine was first administered to the intestine for 


1 This research has been aided by technical assistance provided by the National Health and 
Medical Research Council and expenses were defrayed by a grant from the Fletcher Bequest. 
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about 5 minutes. This raised the tone and increased the motility somewhat, the addition of 
barbiturate now reduced the tone to its normal level but did not depress it further. See Fig. 1. 

Atropine. After a dose of atropine (1: 105-1: 106) sufficient to abolish any A Ch. action, the 
effect of barbiturates is not altered or may be only slightly lessened. 


Ergotoxine. The effect of bar- 
biturates is not altered by pre- 
vious administration of ergo- 
toxine (1: 105). 

Nicotine. The dual action of 
nicotine can be easily demon- 
strated on the isolated intestine. 
The addition of nicotine to 
make a final concentration of 
1:2 X 105 produces an imme- 
diate contraction of the longitu- 
dinal muscle (stimulating 


Fig. 3. Rat Intestine. Nicotine Paralyzing Action. 0”): The presence of nicotine 
5N Nicotine 1: 200,000 (in bath for 14 mins.) Luminal 
20 mg. or 15-20 minutes, whilst raising 

the tone slightly, antagonizes the 
stimulating action of a further 
dose of nicotine; this is referred to later as its paralyzing action. The stimulating action of nico- 
tine is abolished or almost completely so after the administration of barbiturate, while after a 
paralyzing dose of nicotine the depressant action of barbiturate is still evident. Figs. 2 and 3. 


Morphine. The effect of barbiturate after morphine (1: 1,000) may be slightly greater 
than the normal. The previous administration of barbiturate does not affect the depressant action 
of morphine. 


DISCUSSION. 


Gruber (1938) is of the opinion that barbiturates act on the post-ganglionic 
vagal fibres. He bases his belief on the fact that after the administration of a 
paralyzing dose of nicotine stimulation of the crescent (terrapin heart) in the 
presence of barbiturate no longer stops the heart. That the action is not peripheral 
to the post ganglionic fibres is shown by the fact that pilocarpine is still active in 
the presence of barbiturates and that the action of the former is antagonized by 
atropine. Unfortunately Gruber has not excluded the peripheral action entirely 
because, through lack of controls, he has omitted to show that the action of pilo- 
carpine is exactly the same before and after the administration of barbiturates. 

From a study of the experimental results obtained with nicotine, we are in 
agreement with Gruber. That the stimulating action of nicotine is not obtained 
after administration of barbiturate and that the action is still elicited after gang- 
lion paralysis show that the action is peripheral to the ganglion. However, in 
distinetion to Gruber the point of action is believed to be two-fold, i.e. it is both 
on the post ganglionic fibres and on the muscle cells. Weak doses of barbiturate, 
which in themselves depress the tone, do not affect the action of A Ch., barium 
or adrenaline, whilst stronger doses do. From this we would conclude that the 
post ganglionic fibres are more sensitive to barbiturate than the muscle cells but 
that the latter are also affected if the concentration of barbiturate is sufficiently 
high. 

The conception that barbiturates affect the muscle cells is supported by the 
fact that their action is still evident after atropine but too much reliance must not 
be placed on this evidence in view of the anomalous action of atropine on the trans- 
mission of vagal stimulation to the intestine. 

The explanation of the interaction of eserine and barbiturate entails some 
difficulty, but in principle it seems to afford an example of reciprocal antagonism, 
i.e. barbiturate restores to normal the exaggerated tone of an intestine influenced 
by eserine, and eserine likewise restores a barbiturate-depressed intestine. How- 
ever, the mechanism and point of action are difficult to decide because of the con- 
flicting views concerning the mechanism by which eserine acts on smooth muscle. 
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Its action on the iris is almost certainly on the acetyl choline-esterase complex as its 
effect is abolished after degeneration of the ciliary nerves. On the other hand it 
produces a rise in blood pressure, presumably by direct action on the arterial 
muscle. Whether it has a direct action on the muscle cell in the intestine apart 
from the acetyl choline-esterase mechanism is unknown. The interaction of eserine 
and atropine is another example of reciprocal antagonism and a study of this 
principle as applied to eserine and barbiturates is proceeding. 


SUMMARY. 


The site of the depressant action of barbiturates on the intestine is the post 
ganglionic fibres and the muscle cells. The depressant action is abolished by 
eserine. The stimulating action of eserine is annulled by barbiturates thus forming 
an example of reciprocal antagonism. 
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According to Cori (1938a) the steps involved in the formation of blood glucose 
from liver glycogen include two, or possibly three, successive enzymatic reactions, 
namely : 

Glycogen + PO, — glucose-1-PO, — glucose-6—-PO,4 — glucose + PO ,. 

In the normal liver, owing to the powerful action of phosphatases, the inter- 
mediates do not accumulate, and in order to isolate and study them, conditions 
remote from physiological ones must be used. In the present investigations the 
enzyme complex responsible for glycogen breakdown has been studied under con- 
ditions where the sole end-product is glucose. 

Cori (1939b) has shown that in fed rabbits the enzyme complex is present in 
the lyo-form. Our preliminary experiments showed that this applies also to liver 
extracts prepared from fasting rabbits; 70-100 p.c. of the enzyme system can be 


extracted by inorganic PO, solution or water. 


The Optimum Hydrogen Ion Concentration for the Enzyme System. 
The pH activity curve of the enzyme system which produces glucose from glycogen has been 


determined in liver extracts. 


, Glucose 


Fig. 1. Six-fold diluted liver extracts 
containing 2 p.e. glycogen and M/45 
PO, buffer were incubated for 2 hours 
at 37° C. 

The pH of the reaction mixture was 
measured with the glass electrode. Glu- 
cose was estimated as reducing sub- 
stance by Schaffer-Somoygi technique. 
Each sign indicates an independent 
experiment: signs 0, +, A denote 
extracts from non-perfused livers, [] 
denotes extract from a liver perfused 
with saline. 

For comparison the values at pH 6-0 
were taken as 100. Extracts incubated 
for 1 hour gave similar curves. 


The reaction mixtures contained 2 p.c. glycogen and M/45 PO, 


buffer of varying pH. This concentration of in- 
organic PO, was found to be that under which the 
smallest changes in inorganic PO, took place. Un- 
der these experimental conditions the phosphatase 
activity on hexose monophosphates is not inhibited, 
although, since no increase in inorganic PO, occurs, 
other organic phosphorus compounds present in the 
extracts are not broken down. In the majority of 
experiments the sole end-product of glycogen break- 
down was glucose and only occasionally accumula- 
tion of hexose monophosphates, not exceeding 15 
p.c. of the total breakdown, could be observed. 

The curve indicates that the pH optimum of this 
system is at 6-6 + 0-1 declining on both sides of the 
apex. The above curve differs in shape and position 
from the pH activity curve obtained for muscle ex- 
tracts, containing phosphorylase and phosphoglu- 
comutase as published by Cori et al. (1939a) and 
Bauer et al. (1938). Both these authors find that 
the muscle enzyme complex has a maximum activity 
between pH 7 and 8, whereas liver extracts show a 
much diminished activity of glucose production over 
this range. 

However, the curve of the reaction velocity of 
purified muscle phosphorylase in the system— 
glycogen + inorganic POy= glucose—1—PO,— (Cori, 
1940) has a form very similar to that found for liver 
extracts. 


That slight changes of pH have such 
marked influence on the activity of this sys- 
tem may be of physiological significance and 
could explain why, in acidosis, the blood 
sugar is higher than normal. Support for 
this view is given in observations of Guest 


1 Working under a full time grant from the National Health and Medical Research Council. 
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and Rawson (1941) who found that liver glycogen tends to vary directly, and the 
blood sugar inversely, with the increase in alkalinity of the blood up to pH 7-3. 

Of course, one would not expect a very marked pH fall in liver even under 
pathological conditions. However, Weber and Selbach (1941) observed an intra- 
vascular decrease of 0-12 pH in liver vein blood after ether narcosis, and it is known 
from experiments of Evans, Tsai and Young (1931) that ether administration 
lowers liver glycogen by 15-20 p.c. Thus, it appears that the pH of the liver may 
be a controlling factor in the regulation of blood sugar. 


Phosphatase Activity. 


The enzyme systems concerned with glycogen breakdown in the liver and in 
muscle differ in one respect—namely, that muscle is free from phosphatase, whereas 
a powerful liver phosphatase exists. 


mes. mgs. % 


. Clucose LClucose 


pH 


Fig.2. Curve A. A liver extract diluted 
1: 6 containing M/45 PO, buffer and 1-45 
p.c. hexose-6-—phosphate (calculated as 
glucose). Incubated at 38° C. for 60 min- 
utes. 

[]= glucose determined by fermentation. 
X = inerease in inorganic P. calculated 
as glucose. 


Curve B. Results from a similar extract 
containing M/45 PO, buffer and 1-85 p.c. 
glucose—l—phosphate (caleulated as glu- 
cose). Ineubated at 38° C. for 30 min- 
utes. 

X = inerease in inorganie P. calculated 
as glucose. 

A = glucose determined by fermentation. 

0 = hexose-6—PO, determined by [total 
P — (10 mins. hydrolysis P. + in- 
organic P) ]. 

Results given in mg. glucose per 100 ml. 
reaction mixture. 


Fig. 3. A six-fold diluted extract of 
a liver perfused with saline contained 
2 p.c. glycogen and M/4 PO, buffer. In- 
cubated for two hours at 37° C. 

0 = glycogen loss. 

= hexose monophosphate calculated 
from decrease of inorganic P. 

A = glucose—1—PO, estimated by 10 mins. 
hydrolysis in 1N H.SOx,. 

hexose-6-PO, estimated as before. 


In addition to hexose monophosphates, 
free glucose was formed which, however, 
is not shown in the figure. Phosphorus de- 
terminations were carried out on trichlor- 
acetic acid filtrates. All values are given 
in mg. glucose per 100 ml. of reaction mix- 
ture. 


In order to show how liver phosphatase would influence the shape of the pH activity curve, 
experiments were carried out with extracts containing glucose-I1—PO, or hexose-6—PO,. The 
breakdown of hexose-6—PO, (see Fig. 2) in the presence of M/45 PO, into its components (fer- 
mentable hexose and inorganic PO,) was practically independent of the pH in the range under 
investigation. On the other hand the rate of the breakdown of glucose-1—PO, varied with the pH. 
(Fig. 2.) 
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At an acid pH the breakdown of glucose-1-PO, was small but increased with decreasing 
acidity. Parallel with this phenomenon occurs the transformation of the 1 to the 6 isomer which is 
markedly increased with decreasing acidity owing to the activity of phosphoglucomutase. The 
same phenomenon was observed in an experiment with a liver extract to which glycogen was added 
in the presence of M/4 POy. (See Fig. 3.) 

From the phosphorus figures it is seen that, below pH 6-7, the ratio of glucose~1-PO, to 
hexose-6—PO, is greater than 1. These observations agree with the findings of Cori et al. (1938c, 
1939a, 1941) on muscle extract, namely that an acid pH favours the accumulation of glucose-1-PO, 
because of the diminished activity of phosphoglucomutase. 


Influence of Glucose on Glycogen Breakdown. 


Gill and Lehmann (1939) have observed that the addition of free glucose to 
muscle extracts inhibits the enzyme which phosphorylates glycogen. Soskin (1939) 
stresses the importance of this fact also for the liver enzyme, and suggests that 
glucose is a homeostatic factor controlling the level of blood sugar. 

Liver phosphorylase is not a particularly stable enzyme and a falling-off of the reaction 
constant may be due to a partial destruction of the enzyme at the reaction temperature and to 
the inhibiting influence of glucose. The adverse influence of temperature on the enzyme can be 


seen at 37° C, as well as at 27° C. No appreciable difference in the falling-off rate was observed. 
(Table 1). 


TABLE 1. 


A sixfold diluted liver extract containing M/45 PO, buffer, 2 p.c. glycogen; reaction mixture 
pH = 6-6. In experiments Nos. 1, 2, 4 and 5 extracts were made from non-perfused livers; in 
experiment 3 from a liver perfused with isotonic saline. 


Reaction constant* 
xx 


bation cale. 
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where (t. — t;) = the interval of time in mins, between successive 
values. 


a = initial glycogen concentration calculated as mg. 
p.c. glucose. 


x = increase in glucose estimated here as reducing 
substances. 


The temperature coefficient for the range 27-37° C. (2 hrs. incubation) in blood containing 
livers is higher (Q,9 = 1-6 — 1-9) than in perfused livers (Qi) = 1-3 — 1-4) because diastase, 
present in unperfused livers, has a higher temperature coefficient than phosphorylase.2 


2In a private communication Professor Cori kindly informed us that the purified liver phos- 
phorylase used in the synthesis of glycogen from glucose—1—PO, (J. biol. Chem., 135, p. 748) had 
temperature coefficient (25°-35° C.) = 1-3 and Qj9 (10°-20° C.) = 2°8. 
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However, some results recorded in Table 1 indicate that, under favourable experimental con- 
ditions, the breakdown of glycogen to glucose obeys the laws of a reaction of the first order. If, 
however, the glucose formed inhibits the glycogen breakdown, the reaction constant should 
decrease in all experiments. Added glucose in a concentration of 0-6 p.c. had a marked influence 
on the reaction rate. 

From these observations it appears that glucose has an inhibitory effect on 
glycogen breakdown only in high concentration. This means that only in the ease 
of a low glycogen and high blood sugar can the influence of glucose on glycogen 
breakdown be of physiological significance. This conclusion was also reached by 
Lee and Richter (1940) from experiments in which phosphorylation in liver was 
inhibited by glucose. 

SUMMARY. 


The enzyme complex in liver which forms glucose from glycogen is present 
mainly in the lyo-form in fasting as well as fed rabbits. 

This enzyme system has a maximum activity at pH 6-6 + 0-1 with a greatly 
diminished activity on both sides of the apex, suggesting that the pH of the liver 
may be a factor in blood sugar regulation. 

The same pH optimum is found for liver extracts in which the phosphatase 
activity is partially inhibited by a high concentration of inorganic phosphate. 

The breakdown of hexose-6—PO, is independent of pH between pH 5-6 and 
7:6, whereas the breakdown of added glucose-1-PO, increases with decreasing 
acidity owing to the activity of phosphoglucomutase in liver extracts. 

Calculations of the reaction constant for the breakdown of glycogen frequently 
give constant figures, indicating that the glucose formed had no inhibitory in- 
fluence on the breakdown. 

Added glucose in high concentrations, such as would not be found in the 
normal intact cell, had some inhibitory influence on the glycogen breakdown. This 
suggests that under normal conditions glucose cannot be a significant factor in the 
regulation of blood sugar. 
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MECHANICAL OBSTRUCTION OF THE CAPILLARIES OF 
THE BRAIN 
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(From the Institute of Medical and Veterinary Science, Adelaide). 
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For reasons which will be apparent in a forthcoming series of publications, we 
attempted to deposit biologically active substances in the capillaries of the brain. 
Of course, various workers previously have produced experimental cerebral em- 
bolism, and have studied the lesions resulting from obstruction of vessels of some 
size. As the following account will show, however, mechanical obstruction of the 
capillaries alone is not easy. For our purposes we desired that the brain-tissues 
should not be injured materially, and usually that the particles introduced should 
be capable of conveying active substances. The present paper describes the 
methods and technique we have used. 


MATERIALS USED MORE OR LESS UNSUCCESSFULLY. 


Vegetable charcoal sieved through wire gauze of 180 mesh was repeatedly sedimented dif- 
ferentially until most of the particles in suspension were about 10-12, in longest diameter. They 
were markedly angular in shape. Injected into one common carotid artery of monkeys or rabbits, 
after ligation of the external carotid, they often caught in the wall of a cerebral vessel of some 
size, partially blocking it and perhaps causing foci of incomplete softening in adjacent tissues. 
Still more frequently such particles acted like logs impacted in the banks of a river, and obstructed 
the passage of following particles; these accumulated and blocked completely arteries of rela- 
tively large size. The areas of complete necrosis then resulting have been considered briefly else- 
where (Hurst, 1940). 

Lycopodium spores, washed and sedimented kieselguhr, and collodion particles all behaved 
similarly in some degree; the blockage of relatively large vessels by the first-named is well illus- 
trated by Spielmeyer (1922). All these particles are angular or have rough surfaces. Kieselguhr 
was the least unsatisfactory for our purpose and we used it in a few subsequent experiments. 

It was evident that our particles must not only be small and relatively uniform in size and 
possess adsorptive properties, but that they must possess a perfectly smooth surface. 

Attempts to precipitate particles of Kahn-antigen of suitable and consistent size failed. 

The red blood-corpuscles of birds and lizards (including those of the stumpy-tail lizard 
| Zrachysaurus rugosus: Gray, 1827] which measure 17-194 X 10-44) apparently passed through 
the capillaries of the rabbit, as no trace of them was found after injection. Fixation with 
formalin, in an attempt to diminish their elasticity, did not lead to their retention. 


THE SPORES OF TOADSTOOLS.2 


Fungal spores differ widely in shape, size and surface. Those of Stropharia 
stercoraria ave smooth, ovid bodies about 192 x 12 in dimensions. They do not 
appear to possess very marked adsorptive properties, though other work will show 
that when suspended in gelatin they probably carry viruses to the brain. 


They were collected by placing the toadstool caps with the gills downwards on clean, smooth 
paper, and scraping up the purple-brown powder a day or two later. This was stored in a 
dessicator containing calcium chloride. As required, the powder was suspended in 0-2 p.e. formol- 
saline and kept in the cold-room for one or more weeks. The formol-saline was renewed weekly. 
Just before injection the centrifuged spores were washed twice in normal-saline-solution or distilled 
water and deposited each time by light centrifugation. 

They were suspended in saline, or in a 1 p.c. solution of gelatin in distilled water, in a 
concentration of from 4,000 to 17,000 spores per ¢.mm. as counted in the haemocytometer. We 
injected them into 38 rabbits and 4 monkeys (M. irus). 


1 Working with an expenses grant from the National Health and Medical Research Council. 
2 Prof. J. B. Cleland helped us greatly in collecting suitable toadstools. 
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After exposure of the arteries of the right side of the neck, we ligated the external carotid 
and placed a temporary clamp upon the common carotid. From 0-5 to 1 ¢.c. of the suspension of 
spores was injected within a period of from 5 to 10 seconds into the common carotid distal to the 
clamp; the latter was then opened, with the syringe and needle still in position, to allow blood to 
flow past and wash on the spores. Finally we tied the artery above and below the point of penetra- 
tion of the needle. 


Results in Rabbits. 


For reasons not finally determined, but unconnected with the concentration or volume of the 
spore-suspension inoculated, the rabbits grouped themselves fairly sharply into two categories’. 

Twelve of 38 rabbits showed immediate severe nervous symptoms and were dead or dying 
within 24 hours. Their brains contained areas of macroscopic softening. Histologically we found 
that, in spite of their size, spores had lodged in many capillaries and pre-capillaries of the right 
side of the brain, but particularly in those of the piriform cortex and ventral parts of the Cornu 
Ammonis. In only one animal were spores detected on the contralateral side. The brain-stem was 
free from spores. In one brain sectioned serially, masses of spores blocked the lumina of small 
arterioles, but this was a wholly exceptional finding. Areas of partial or complete necrosis of the 
tissue occurred in the piriform cortex and elsewhere. Some of these were sufficiently large to be 
seen with the naked eye. A more frequent appearance was that of intense polymorphonuclear 
infiltration around a blocked capillary. Other capillaries were the centre of more or less acellular 
zones in which fibrin had been deposited, and which stained with van Gieson a brighter orange 
than did the adjacent nervous tissue. Circumscribed or more diffuse haemorrhages surrounded 
still other blocked capillaries. Various combinations of these pathological pictures obtained: 
polymorphonuclear collections usually were accompanied by some deposition of fibrin and some 
extravasation of red blood corpuscles, and so on (Figs. 1-3). Even in these cases with severe 
cerebral changes, many capillaries contained spores without the least sign of any reaction to their 
presence (Fig. 4). Often from 3 to 5 spores lay in series along the course of a single capillary. 
On the whole it seemed likely that the areas of softening depended on the blockage of a number 
of closely adjacent capillaries. There was no widespread thrombosis. 

Twenty-six of 38 rabbits recovered without nervors symptoms; the brains of 15 of these 
were examined after from 2 to 28 days. Only 2 showed more than a very occasional, small area of 
softening or vascular scar visible only with the microscope. The number of capillaries and pre- 
capillaries blocked often appeared much smaller than the preceding group, and only gradually 
did a cellular response to the presence of spores delevop. The time of onset of this reaction 
varied (a) around different spores in the same brain and (b) in different rabbits. Apart from the 
presence of one or two polymorphonuclears flattened on the surface of a spore, the first changes 
were apparent usually in from 3 to 16 days, occasionally only after 3-4 weeks. The endothelial 
cells increased in size and often some microglial proliferation took place in the surrounding 
tissue. Gradually a nodule resulted (Figs. 5~-7). It consisted centrally of a multinucleated, 
foreign-body giant-cell enclosing the spore; this was surrounded by a zone of epithelioid cells 
with a variable but usually small number of polymorphic microglial cei'3, and again by a zone 
of polymorphic or rod-shaped microglial cells becoming more and more sparse peripherally. Ad- 
jacent perivascular spaces and meninges often showed marked mononuclear infiltration. Sec- 
tioned tangentially these lesions closely resembled those in the less acute infections due to Toxo- 
plasma cuniculi; on the average, however, they were smaller in size and in place of the central 
necrotie area serial sections revealed the central giant-cell and spore. 


Results in Monkeys. 


The monkeys were killed after 3, 3, 6 and 12 days respectively. The first suffered from 
Jacksonian epilepsy beginning 48 hours after the inoculation; the remainder manifested no ner- 
vous symptoms. 

Both 3-day monkeys presented the lesions noted in the first group of rabbits—polymorpho- 
nuclear infiltration, pericapillary fibrinous exudate, haemorrhages and occasional small ischaemic 
areas—but these were frequent only in the monkey developing epilepsy. Macroscopically the brain 
of this animal exhibited numerous small petechial haemorrhages, mainly on the right side. Micro- 
scopically many of these appeared as ‘‘ring’’ haemorrhages, with a central more or less acellular 
zone infiltrated with fibrin; by Weil’s method no myelin sheaths could be demonstrated in the 
central area (cf. brain purpura—see Hurst, 1941), although in those places where massed poly- 
morphs occurred the sheaths ran on merely separated by the cellular accumulations. ; ; 

In the other 3-day animal cellular foci consisted almost exclusively of polymorphic microglial 
cells; in a few places in the white or grey matter it seemed that some destruction of myelin 
sheaths had occurred in these foci. The appearances did not, however, closely resemble those in 
any human disease. 


3 As the rabbits were all bred and reared in the laboratory, it is not very likely that some had 
become sensitized to a product of the toadstool. 
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At 6 and 12 days some of the spores were surrounded by densely packed endothelial nuclei 
and these by equally densely packed microglial cells becoming more scattered peripherally. Such 
areas were devoid of myelin sheaths (Fig. 8). Attempts at the formation of foreign-body giant- 
cells were also evident, but up to the 12th day there were no surrounding epithelioid cells. 

In all animals the vast majority of spores remained without apparent effect on surrounding 
cells. As late as the 12th day they could be seen lying singly or in rows in the capillaries without 
causing the slightest reaction. They were fairly uniformly distributed from the frontal to the 
occipital regions. They occurred most frequently in the area of cortex supplied by the middle 
cerebral artery, were almost absent from the extreme vertex, were numerous in the basal ganglia, 
and were rather infrequent in the white matter of the centrum semi-ovale. Spores were present 
also in the contralateral hemisphere, but not in the pons and cerebellum. 


Conclusions. When injected into the common carotid artery of rabbits or 
monkeys, after ligation of the external carotid, the spores of Stropharia stercoraria 
penetrate readily to the finest capillaries. Blockage of major vessels hardly ever 
oceurs ; foci of ischaemic change are uncommon in most animals. In many animals 
the majority of spores lie for days without visible reaction on the part of surround- 
ing cells. On the other hand, in a minority of animals, a variety of immediate 
pathological changes occur in connection with many of the spores. The factors 
responsible for reaction or lack of immediate reaction were not fully analysed. 


EMULSIONS. 


We prepared a number of emulsions in one of two ways? : 

(1) By dissolving the emulsifying agent in oil. On agitating, the product 
emulsified spontaneously. 

(2) By mechanical means such as shaking or grinding the constituents to- 
gether. 

Emulsions of the first type were readily reproducible at any time and were consistent in the 
size of their particles; unfortunately these were much too small for our purpose. With emulsions 
of the second type a proportion of globules of suitable size resulted, though the results were not 
always duplicated readily. A further complication was the toxicity of the emulsifying agent: 
triethanolamine, diglycol laurate and sodium oleate all proved toxic in one degree or another. 

Finally we found a simple domestic ‘‘mayonnaise’’ the most suitable emulsion. We ground 
5 ¢.c, sterile egg-yolk with 2-5 e¢.c. sterile olive oil for 2 minutes with pestle and mortar. Sub- 
sequently we added 2-5 ¢.c. well-centrifuged egg-albumen and then 5 ¢.c. water and shook the 
whole vigorously. Often the final preparation contained many globules from 9-54 to 16y in 
diameter, many much smaller, and a few larger up to 604 in diameter; on occasion an excess of 
large globules was removed by passage through a Jena fritted glass filter of porosity 2. With 
the above proportions of the various constituents, the individual globules showed no tendency to 
coalesce in the course of several hours and the preparation was sufficiently fluid to pass readily 
along the vessels. At the moment of filling the syringe, the tube containing the emulsion was 
inverted several times to mix the ‘‘cream’’ with the lower layers. 


Results in Rabbits. 


The technique of injection corresponded with that in the case of fungal spores. All of 13 
rabbits receiving 0-25 ¢.c. of the above emulsion recovered without disability. We examined their 
brains after intervals of from 1 to 26 days. 

Although many of the finest globules must have passed the capillaries, Marchi-preparations 
after 1-2 days showed that many had been retained. Some capillaries were distinctly dilated by 
their contents, but owing to their elasticity these tended to elongate and adapt themselves to the 
space available. Blockage of larger vessels, with foci of partial or complete ischaemic necrosis, 
was extremely uncommon; in fact only two such softenings were seen in the whole series of 
animals, A few minute petechial haemorrhages occurred in several animals. However, owing no 
doubt to the small size of the globules and of the vessels obstructed, the more pronounced changes 
characteristic of fat-embolism in man (see Russell, Greenfield, ete., 1941) were wholly absent. In 
particular there were no thromboses, no ‘‘ring’’ haemorrhages, no cellular exudate and no de- 
myelination. 

In rabbits killed after longer periods, fewer globules seemed to be present and these were 
mostly of relatively large size. These findings suggest the possibility that some of the finest emboli 
had gradually passed through the capillary system. 


4 We are particularly indebted to Mr. T. Hartigan and his associates in the Shell Oil Company 
for advice concerning the preparation of emulsions, 
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In ordinary paraffin sections, the larger globules could be recognized as small ‘‘holes’’ 
covered with a thin endothelial layer separating them from the apparently normal surroundings. 
Occasionally slight endothelial proliferation occurred around a globule present for many days, 
and less frequently local proliferation of microglial cells which tended to concentric arrangement. 
Up to the 26th day, however, surprisingly little reaction followed the deposition of the globules 
in the cerebral capillaries. 

In some animals globules were present in small numbers on the contralateral side of the 
brain; usually they were present only on the side of injection. 


Conclusion. An emulsion of olive oil in egg-yolk, egg-albumen and water 
readily penetrates to the cerebral capillaries, where the globules excite surprisingly 
little reaction. Subsequent papers will demonstrate the ability of the emulsion to 
carry active materials to the brain. 


SUMMARY. 


Of materials used for blocking the cerebral capillaries, the spores of Stropharia 
stercoraria and globules of olive oil in the form of a mayonnaise have proved most 
suitable. The latter are far preferable to the spores if minimal cerebral damage to 
the greatest number of animals is desired. Examples of the application of capillary 
embolism to the study of nervous diseases will follow in later publications. 
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EXPLANATION OF PLATES. 


Fig. 1. Rabbit. Twenty-four hours after injection of spores. Polymorphonuclears and 
fibrin around a blocked capillary. Haematoxylin and eosin. 


Fig. 2. Rabbit. Twenty-four hours after injection of spores. Haemorrhage with a few 
leucocytes around a blocked capillary. Haematoxylin and eosin. 


Fig. 3. Rabbit. Twenty-four hours after injection of spores. Acellular zone infiltrated 
with fibrin and altered tinctorially around a blocked capillary. A few polymorphonuclears and 
several karyorrhectic nuclei may be seen. Haematoxylin and eosin. 


Fig. 4. Rabbit. Twenty-four hours after injection of spores. Absence of reaction, which 
may continue for days, around a blocked capillary. Haematoxylin and eosin. 


Figs. 5,6 and 7. Rabbit. Twenty-eight days after injection of spores, illustrating the com- 
position of the nodule surrounding a spore previously without reaction as in Fig. 4. Fig. 5 at 
the extreme periphery shows scattered microglial cells. Fig. 6 shows a mass of epithelioid cells 
very similar to those in infections with Toxoplasma cuniculi. Fig. 7 shows the centre of the 
nodule composed of a foreign-body giant-cell. The central space containing the spore is just 
visible, but not the spore itself. Haematoxylin and eosin. 


Fig. 8. Monkey. Six days after injection of spores. Densely packed microglial cells and 
demyelination around a capillary blocked by a spore. Weil’s stain. 
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ROUTES OF ENTRY INTO THE NERVOUS SYSTEM OF 
VIRUSES INTRODUCED INTO THE BLOODSTREAM 


EXPERIMENTS WITH THE VIRUSES OF PSEUDORABIES, HERPES AND 
INFECTIOUS MYXOMATOSIS! 


by BARBARA TERNENT COOKE, E. WESTON HURST, anp CHARLES 
SWAN 


(From the Institute of Medical and Veterinary Science, Adelaide). 


(Accepted for publication 19th March, 1942.) 


Knowledge of the routes of entry of viruses into the central nervous system 
following their presence in the blood may indicate how the brain and cord are in- 
fected in those natural infections in which, for longer or shorter periods, virus 
circulates in the blood-stream. 


There is evidence that various viruses may obtain access to the nervous system by different 
routes (see Hurst, 1936b, c; Sabin, 1938; King, 1940b). Two routes suggested by Hurst (1934, 
1936b, ¢) and by Lennette and Hudson (1935) for viruses injected intravenously or circulating 
in the bloodstream were (1) by neural ascent from infected viscera and (2) by passage to the 
olfactory region of virus appearing on the olfactory mucosa. Hurst, while envisaging the pos- 
sibility that a virus with affinity for vascular endothelium might infect and ‘‘ grow through’’ 
the capillary wall, found no direct evidence of this occurring with the viruses he studied. King 
(1938, 1939b), however, has shown that the virus of equine encephalomyelitis may invade the 
brain directly from the bloodstream, though apparently the invasive properties of this and other 
viruses vary with the animal-species involved, the age of the host, the particular variant of the 
virus concerned, the route of inoculation, ete. (Hurst, 1936a; Olitsky, Sabin and Cox, 1936; 
Sabin and Olitsky, 1937, 1938a and b; Traub, 1938; King, 1939¢, 1940a and b; Bieling and 
Oelrichs, 1939). Doerr and his colleagues (1936a, b, ¢), the chief critics of possible neural 
passage of virus from infected viscera, base their objections chiefly on the facts (1) that, ina 
strictly limited number of experimental animals, a strain of herpes virus injected into the carotid 
artery usually caused primary encephalitis, whereas injected into the ear vein of rabbits the Se 
same virus caused primary myelitis; and (2) that certain bacterial toxins, whatever their route *. 
of entry, pass through the blood vessels to act specifically on the spinal cord rather than on the % 
brain. Apparently also, Doerr (1940) considers that the nervous system is more likely to be : 
infected by phagocytes which have engulfed virus particles and have later migrated through the 
cerebral blood vessels. 


In all instances the evidence must necessarily be presumptive and deductive 
rather than the result of direct observation. 

The present observations are confined to infections with some of the larger 
viruses. Using significant numbers of experimental animals, they first amplified a 
Hurst’s investigation with the virus of pseudorabies (1934), except that the classi- ci 
eal Aujeszky virus (rather than the lowa strain) was chosen because its longer 
presence in high concentration in the blood obviously favours direct penetration 
of the nervous system (if, as has been claimed, this does in fact oceur). Unfortun- 
ately this work ceased with the veto of the Department of Health. Canberra; 
for this reason also we have been unable to make any observations with the 
virus of equine encephalomyelitis. We next used the virus of herpes. It is much 
less favourable for studies of the present nature, because with it the ineubation 
period is longer and more irregular. This irregularity leads te many fruitless 


1 This work was carried out with grants from the National Health and Medical Research 
Council. Dr. Swan made the observations on infectious myxomatosis and some of those with dyes; 
the rest of the work was carried out by the senior authors. 
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observations in animals killed at too early or too late a state of infection. Moreover, 
the virus does not reappear in the blood-stream once it has disappeared shortly after 
inoculation. The virus of infectious myxomatosis was studied because of its pro- 
nounced affinity for vascular endothelium (Hurst, 1937a). 

Drugs believed to increase the permeability of the blood-brain-barrier were 
used in attempts to modify the course of some of these infections. 

Finally, we attempted to deposit adsorbed virus in the capillaries of the brain 
by the techniques described by Hurst and Cooke (1942) ; if our views on the route 
of infection of the nervous system of virus inoculated intravenously are correct, 
this procedure might well be expected to alter the site of primary infection in the 
cases of herpes (and pseudorabies). 


TECHNIQUE OF INTRAVENOUS INOCULATION OF VIRUSES AND OF DYES. 


Except where otherwise stated we used rabbits of 1,000-1,500 gm. The pseudorabies virus 
consisted of a 5 p.c. glycerinated suspension of the brains of infected animals. The herpes virus 
(H.F. strain of the Rockefeller Institute) was passed intratesticularly following brain-to-brain 
passage, because this procedure apparently increases the affinity of the virus for non-nervous 
cells (Smith, 1931) ; the testicles were removed about 60 hours after inoculation and were frozen 
or stored in 50 p.c. glycerin at — 10°C. We used a 5 p.c. suspension. The virus of infectious 
myxomatosis was that used previously by Hurst (1937a) and maintained since by testicular pas- 
sage; the testicles were removed on the 5th day and glycerinated, and a 10 p.c. suspension was 
injected. All suspensions were prepared with unfiltered 50 p.c. rabbit-serum to prevent death 
from intravascular clotting (see Hurst, 1937b); they were centrifuged for 15 minutes at 
3,000 r.p.m. before injection of 1 ¢.c. into the ear vein of rabbits. The site of injection was 
seared to destroy virus possibly leaking from the vein. Virus over 3 weeks old was discarded. 

Before removal of test-fragments of the organs of rabbits infected with pseudorabies or 
infectious myxomatosis, the vascular system was washed out with several litres of saline (see 
Hurst, 1936b), sometimes after prior administration of a suitable dose of heparin to the living 
animal. Centrifuged 10 p.c. suspensions of the various fragments were injected intradermally 
into single rabbits (pseudorabies), titrated intradermally in rabbits (infectious myxoratosis) 
or titrated intracerebrally in mice (herpes). The ‘‘ pooled viscera’’ consisted of a mixture of 
liver, spleen and both adrenals. Pituitary glands were ground without sand and 0°3 e.c. saline 
added to each. 

In experiments with vital dyes, we used a 0-5 p.c. solution of methylene blue in 1°8 p.c. 
sodium sulphate and a 2 p.c. solution of trypan blue in saline. These dyes were injected into the 
ear vein of rabbits at a rate of 1 ¢.c. per minute. 


GENERAL RESULTS OF INTRAVENOUS INJECTION OF VIRUSES. 


Pseudorabies virus. The distribution of virus in 15 rabbits is shown in Table 
1. With certain variations in the time of infection, associated with the use of a num- 
ber of different batches of virus and other factors (see below), the results show even 
more clearly than does Hurst’s paper (1934) the primary affection of the spinal 
cord. 


Judging by earlier detection of virus (or at a rather later stage of infection by the shorter 
incubation period) in passage animals, the cord, and except in one instance the dorsal cord, was 
always the first part of the nervous system to be involved. Virus then appeared to spread in an 
orderly manner to upper segments of the nervous system, except that in two instances the 
olfactory bulbs may have been infected independently from the nose. There was no evidence 
that the pituitary connections (unconsidered by Hurst) furnished a route of primary infection. 
The viscera usually contained, virus at a very early stage after inoculation, but the appearance 
of virus in the blood was not responsible for its random distribution throughout the nervous system. 

In 19 control rabbits infected intravenously, symptoms appeared in from 50 to 96 hours. The 
longest incubation periods were in a few large wild rabbits introduced owing to a temporary 
searcity of our own animals. Fourteen rabbits bit and scratched the shoulder and flank, 1 bit the 
foot, 1 suffered from spasms in the abdominal muscles, and 3 died without biting and scratching. 
An additional control biting the inoculated ear was discarded. Of 3 controls inoculated directly into 
the lung, in which no doubt some of the virus given intravenously would be arrested, 2 bit and 
scratched the shoulder and 1 suffered from difficult breathing and laryngeal spasm without 
showing local lesions at autopsy (probable vagal spread of virus). The few control animals 
examined histologically after intravenous inoculation showed specific necrotic lesions in the 
liver and adrenals, 
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TABLE 1. 

Appearance of pseudorabies virus in various regions following intravenous inoculation. 

= 

= = ne co = eo = 

30 0 0 0 0 0 0 0 0 0 +4110 
35 6 0 0 0 0 0 0 0 0 +96 
48 0 0 0 0 0 0 0 0 Oo +110 
48 0 0 0 0 0 0 0 0 0 +96 
40 0 +110 0 0 0 0 0 0 0 ed 
41 +84 +65 0 0 0 0 0 0 +96 +84 
42 +85 +78 +4120 0 0 0 0 0 +58 — 
45 +96 +62 +85 0 — 0 0 0 +62 —— 
48 +96 0 +85 +4110 0 0 0 0 +85 +60 
50) =—+82 +60 +82 +84 0 0 0 +82 0 +70 
54 +90 +90 +84 +90 +90 0 0 0 +60 +60 
40 +72 +62 +85 +4110 0 0 +135 0 +62 — 
48 +84 +82 +82 +90 +82 0 +90 +82 +60 +60 


41 48 +65 +465 +80 468 +110 4135 +496 +58 — 
60 +75 +75 +75 +60 +60 #=+96 +130 +96 


+ x = approximate time in hours of appearance of symptoms in passage animals. 0 = no 
disease developed in passage animals. = specimen not tested. 


It seems, therefore, that in the nervous system primary infection of the spinal 
cord, and almost always of the dorsal cord, is even more constant after intravenous 
injection of Aujeszky virus than of the Iowa strain. It is preceded by early infee- 
tivity of the viscera. There is some suggestion that the olfactory bulbs may be 
infected independently, possibly from the nose. 

Herpes virus. Table 2 shows precisely the same phenomena in the case of 
herpes virus injected intravenously. 


TABLE 2. 
Appearance and titre of herpes virus in various regions following intravenous inoculation. 
a 
2 
As a as as & AS a 
3 0 0 0 0 0 0 0 0 0 _ 
3 0 0 0 0 0 0 0 0 0 10~ 
+ 0 0 0 0 0 0 0 0 0 os 
3 0 107 0 0 0 0 0 + 0 10+ 
4 0 107 0 0 0 0 0 0 0 10> 
3 0 is” 0 0 0 0 107 + 0 10+ 
4 10° 0 0 0 0 0 10 
4 10“+ 10° 107 0 0 10> 0 0 
5 10° 10“*+ 107° 10> 0 0 + 0 
6 10° 10> 0 Tr 10%*+ 0 0 10 
4 10~* 10> 107 1074+ 107+ + 0 10~ 


The samples, with the exception of the pituitary glands, were titrated in mice using 3 mice to 
each tenfold dilution. 107 = 10 p.c. suspension. Tr = only 2 of 3 mice given the lowest dilution 
developed herpes. 10+ = an end-point was not reached at this dilution. 
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In the nervous system the dorsal cord was first involved or contained virus in highest 
concentration; virus later spread steadily to other parts. Koppisch (1935) and Doerr and 
Hallauer (1936) have already noted that a primary myelitis follows intravenous injection, though 
they located the site of entry in the lumbar rather than the dorsal cord. At an earlier stage of 
infection the pooled viscera always contained abundant virus. The blood was not apparently con- 
taminated. There was no obvious connection between infection of the pituitary and of the brain. 

The occasional infectivity of the olfactory bulbs, when more caudal regions 
of the brain are unaffected, again suggests that virus may pass by way of the nose at 
the time of intravenous inoculation. 

Of 18 controls all developed symptoms or died within 5-7 days, except one dying on the 
10th day. Of these 4 were found dead, 2 showed only salivation, 1 showed paralysis and salivation, 
and 11 either definite paralysis or marked general weakness. 

Virus of infectious myxomatosis. By way of contrast with herpes and pseudo- 
rabies viruses, Table 3 shows that after intravenous inoculation the virus of in- 
fectious myxomatosis is distributed entirely at random in the nervous system, as 
would be expected of one entering from the blood-stream at any and every point. 
These results agree with those obtained by Swan (1941) using other routes of in- 
oculation. A feature of interest is the frequent high concentration in the posterior- 
root ganglia. 

TABLE 3. 


Distribution and titre of the virus of infectious myxomatosis in the nervous system following 
intravenous inoculation. 


Dorsal cord 
Cervical cord 
Brain-stem. 
Posterior 
cerebrum 
cerebrum and 
olfactory bulbs. 
Posterior 

root ganglia. 


Days after 
inoculation 
Anterior 


0 
107 
107 
10° 10° 
10“ 10° 
107 
107 
107 10> 


Ss 
§ 
0 
0 
107 
107 
107 
10-3 
107 


The bloods were tested without titration in individual rabbits. 


Relative Times of Infection of the Spinal Ganglia and Spinal Cord. 


As we have seen, the virus of infectious myxomatosis is frequently present in high concen- 
tration in the spinal ganglia. Flexner and Amoss (1914) also thought that the intervertebral 
ganglia, though not the brain and spinal cord, could remove poliomyelitis virus from the blood- 
stream. Finally Tschetschujeva (1930) found that these structures colour with trypan blue 
injected intravenously, although the nervous system generally stains only with difficulty (see 
King, 1939a). It seemed of interest, therefore, to inquire whether these structures are infected 
at the time of intravenous inoculation, though to explain thus the above findings with herpes and 
pseudorabies viruses one would have in addition to postulate a highly improbable, selective 
adsorption by the ganglia of the dorsal region. 


Table 4 shows that the spinal ganglia and spinal cord become infected at 
approximately the same time, and when the pooled viscera are already heavily 
infected. Histological examination of serial sections of spinal ganglia taken from 
similar rabbits 3-4 days after inoculation failed to disclose lesions, thus further 
suggesting the recent arrival of virus at this level. 


i 0 0 0 0 
107 107 107 —— 
107 107 10° 
107 0 iw 10 
is 10° 
i¢- 107 
10-3 103 10° 
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TABLE 4. 


Times of appearance of herpes virus in spinal ganglia and spinal cord following intravenous 
inoculation. 


Days. Pooled viscera. Spinal ganglia. Dorsal cord. 
2 107*+ 0 


About 7 dorsal spinal ganglia from each side were ground without sand and 0°5 c.c. saline 
addéd. The small quantity did not allow of exact titration. 
Six control rabbits died in 5-8 days. 


Relation between the Size of Rab- 
bits and the Time of Appearance 
of Symptoms or of Death fol- 
lowing Intravenous Injection 
of Herpes Virus. 


The great majority of rabbits 
inoculated intravenously with 
herpes virus die on or before the 
seventh day. In almost every 
group of ten or twelve animals, an 
odd rabbit may survive for as long 
as 15 days; this fact makes statis- 
tical treatment of results difficult. 
Fig. 1 shows the times of death 
of over 30 animals in each of 
two classes, (a) of 700-900 gm. 
weight and (b) of over 2,000 gm. 
weight. We performed the ex- 
- Days Afters ineculation — periments on three separate oc- 
casions, using about 10 animals 
of each class. In the first ex- 
periment the dose of virus was 
adjusted to the body-weight, in 
the others to the brain-weight (see below in section on experiments with dyes). Whether the 
results of each experiment are plotted separately or whether they are combined as in Fig. 1, and 
whether the appearance of the first symptoms of nervous disease or the time of death be recorded, 
the curves show invariably that the great majority of the young animals suffer sooner than do 
the larger. 


These observations might indicate that in older animals the virus must follow 
a longer neural path; by themselves, of course, they do not necessarily do so and 
several other explanations readily suggest themselves. 


| 
E 
2 
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Fig. 1. Times of development of herpes in young and in 
adult rabbits infected intravenously. 


THE EFFECT OF DRUGS INCREASING THE PERMEABILITY OF THE BLOOD-BRAIN- 
BARRIER WHEN GIVEN IMMEDIATELY BEFORE INTRAVENOUS INJECTION OF 
THE VIRUSES OF PSEUDORABIES AND HERPES. 


Preliminary Observations with Vital Dyes. 


The drugs used were (1) theophyllin and sodium acetate (theocin) and (2) 
adrenalin combined with pituitrin (Friedemann, 1937). 


As an index of their effect on the blood-brain-barrier, we carried out many experiments with a 
basic and an acid dye. In somewhat similar experiments Friedemann examined the brains only 


4 
10 0 0 
107 0 0 
10~ Tr 0 = 
10-* Tr Tr 

Tr Tr 

Tr 107 
Tr 
10-*+ + Tr aq 
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3 minutes after injection of the dyes; we felt that after so short an interval it was impossible 
to be sure that macroscopi¢ colouration of the brain was not due to dye still within the blood- 
vessels. Experimenting with different doses of dye, we found that many times the amounts given 
by Friedemann were needed if the brain were to be coloured some hours after administration. 
With methylene blue the brains were examined 12-18 hours after immersion in formol-saline; in 
this time the leuco-base had been oxidized to the original dye. A colour chart assisted comparison 
in experiments performed at considerable intervals. 
Our results were briefly as follows: 


(1) Even with doses of methylene blue (0°5 p.c. in 1-8 p.c. sod. sulphate) equivalent to 
15 ¢.c. per kilo. the brain was unstained after 24 hours, unless the amount of dye injected was 
sufficient to render the animal seriously ill. With doses of 1 ¢.c. per kilo. the brain was unstained 
after 2 hours. With 3 ¢.c. per kilo. the brain was very lightly stained after 2 hours, and almost 
imperceptibly after 6 hours. With 6 ¢.c. per kilo. the brain was lightly stained after six hours. 

(2) In a series of 18 rabbits ranging in weight from 800-3,200 gm. and given 3 or 6 ¢.c. 
methylene blue per kilo., the depth of staining with methylene blue was, with some irregularity, 
proportional to the weight of the animal. The brains of the largest animals stained most deeply. 
‘The brains of rabbits of about 800 gm. usually weighed 6-5-7-5 gm., of rabbits of 2,300-3,200 gm. 
8-0-9-0 gm. It is well known that the brains of neonatal animals stain more readily with vital 
dyes than do those of greater maturity, but none of the avimals in this series came into the former 
category. 

(3) In a similar series of 10 rabbits in which the dose of methylene blue was adjusted to 
the calculated brain-weight, afterwards shown to be reasonably accurate, the depth of staining 
was approximately the same in old and in young animals. 

(4) The presence of lesions due to Toxoplasma cuniculi did not affect the intensity of 
staining. 

a work the dose of methylene blue was 3 or 6 c.c. per kilo. and the brains were 
examined after 6 hours. 

(5) Four of 6 rabbits given methylene blue immediately after intravenous injection of 
0-2 gm. per kilo. theocin showed distinctly deeper colouration of the brain as compared with 
7 controls receiving dye alone. After 24 hours no colouration was noted in the brains of rabbits 
similarly treated. 

(6) Of 10 rabbits receiving intravenously 0-7 ¢.c. 1: 10 pituitrin and 0-7 ¢.c. 1: 100,000 
adrenalin per kilo.2 immediately before injection of methylene blue, 6 showed considerably deeper 
colouration of the brain and 2 slightly deeper colouration than did 7 controls rceiving dye alone. 

(7) Rabbits receiving much larger doses of trypan blue (up to 16 c.c. per kilo. of a 2 p.c. 
solution) showed no staining whether previously given theocin or adrenalin and pituitrin or 
not. This observation confirms that of King (1939a) and suggests that the positive (macro- 
scopic) results obtained by Friedemann within 3 minutes with acid dyes may not have represented 
true staining of the nervous substance. 


It appears, therefore, that the smallest dose of methylene blue necessary to 
stain the brains of rabbits varies with the interval elapsing before examination, and 
with the brain-weight rather than the body-weight of the animal concerned. Under 
standardized conditions, increased permeability of the blood-brain-barrier to 
methylene blue usually follows administration of theocin or of adrenalin and 
pituitrin. No similar effect was noticed in the case of the acid dye, trypan blue. 


The Effect of Theocin on Infections with Pseudorabies Virus. 


Ten rabbits received theocin (0:2 gm. per kilo.) intravenously immediately before the sus- 
pension of virus. The distribution of virus 40 hours later is shown in Table 5. As far as the 
nervous system is concerned, the results are rather difficult to interpret. Obviously the distribu- 
tion of virus characteristic of uninfluenced infections was not converted to a completely random 
one as obtains in infectious myxomatosis, because with the exception of the third animal the 
various areas of the cerebrum were free from virus or contained it in lower concentration than 
did the cord or brain-stem. The drug did, however, widen the early distribution of virus in these 
regions. Areas other than the dorsal cord were more frequently first affected (or contained virus 
in greater amount), and nearly always at this early stage of infection the brain-stem in par- 
ticular contained large amounts of virus. Possibly the drug rendered the spinal and other ganglia 
more accessible to the virus. 

Twenty-two rabbits similarly treated were allowed to develop nervous symptoms. As com- 
pared with 13 controls receiving virus alone, there was no significant acceleration of symptoms 
or of death in the group receiving theocin, nor was there alteration of the symptomatology which 
would suggest that the vascular system of the cerebrum had been rendered permeable to the virus. 


2 Friedemann (1937) used larger doses but our animals would not tolerate doses greater than 
those mentioned. 
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As stated above the Commonwealth Department of Health did not permit us to 
proceed with this work. As far as it goes it cannot be held to prove that the admin- 
istration of theocin leads commonly to general permeability of the cerebral blood- 
vessels to the virus of pseudorabies. 


The Effect of Theocin and of Pituitrin and Adrenalin on Infections with Herpes Virus. 


Eight rabbits received theocin as above immediately before intravenous injection of herpes 
virus. The results of titrating various areas after 3 or 4 days were similar to those in Table 2. 
(The actual data are omitted to save space). Six other rabbits injected with theocin and virus 
ep 4-7 days with symptoms similar to those in 6 receiving virus alone and dying within 
5-7 days. 


TABLE 5. 


Distribution of pseudorabies virus 40 hours after intravenous inoculation following preliminary 
treatment with theocin. 


n 

3 S38 <86 A= & 
0 212 0 0 0 0 0 0 +467 +74 
0 0 +160 +67 0 0 0 0 +86 +67 
+98 0 +64 0 +89 +88 +98 +73 +64 +64 
+92 +92 0 +62 0 0 0 0 +74 +64 
+72 +104 +79 +68 0 0 0 0 +75 +47 
+76 +64 +96 +68 0 0 0 0 +68 +53 
+67 +65 +65 +64 +90 0 0 +87 +64 +64 
+68 +65 +66 +64 +76 0 0 0 +64 +51 
+66 +66 +56 +110 +110 0 0 0 +64 +54 
+70 +74 +78 +68 +87 0 +74 +53 +70 +57 


Nine rabbits received 0-7 ¢.c. 1: 10 pituitrin and 0-7 ¢.c. 1: 100,000 adrenalin intravenously 
immediately before intravenous injection of herpes virus. When killed after 3-5 days, 8 showed 
a distribution of virus similar to that in Table 2. (The actual data are omitted to save space). 
The other rabbit behaved differently. When taken on the fifth day its dorsal cord titred to 
10~ and the middle cerebrum to 10~ +; virus was detected nowhere else but in the pooled viscera. 
This was the sole observation suggesting that the preliminary treatment with drugs may have 
forced virus through the cerebral capillaries. Ten rabbits receiving pituitrin and adrenalin and 
virus died in 5-8 days with symptoms resembling those in 8 receiving virus alone and dying within 
5-10 days. 

In the great majority of instances, the administration of drugs inceasing the 
permeability of the blood-brain-barrier to methylene blue has no effect on the time 
or place of appearance in the central nervous system of herpes virus injected intra- 
venously. It is possible that some exceptions to this statement exist. 


RESULTS OF INTRACAROTID INOCULATION OF HERPES VIRUS WITH AND 
WITHOUT THE PRODUCTION OF CAPILLARY EMBOLI. 


We have described previously a technique of injection into the common carotid 
artery after ligation of the external carotid, and the production of capillary emboli 
in the brain (Hurst and Cooke, 1942). The results of applying this technique 
to the study of herpetic infections are set forth below. All the animals used for this 
purpose were fully grown. 


Controls without Capillary Embolism. 


(a) Fourteen rabbits received into the carotid artery 0-5 ¢.c. of 0-2 p.e. herpes virus contain- 
ing 40,000 M.I.D. as measured intracerebrally in mice given 0-025 ec. A 10 p.c. suspension 
in a 1 p.c. solution of gelatin in distilled water was left in the cold-room overnight; it was then 
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diluted with 1 p.c. gelatin. The reason for this procedure will be obvious from what follows. 
Only 1 animal developed symptomatic herpes. 

(b) Of 14 rabbits receiving 2 p.c. virus in 1 p.c. gelatin similarly prepared, 9 developed the 
typical disease. 

(¢) Judging by the histological appearances at various levels of the neural axis and in the 
viscera, 4 of the rabbits mentioned in (a) and (b) suffered from a primary myelitis, 4 from a 
primary encephalitis and 2 from an early double infection with separate involvement of brain and 
spinal cord. The rabbits with myelitis, and some of those with primary encephalitis, showed 
specific necrotic foci in the liver and adrenals; had encephalitis not supervened more animals 
would obviously have developed myelitis. 


Rabbits Injected with Herpes Virus and the Spores of Stropharia stercoraria. 

(a) The formalinized spores were washed and suspended overnight in 2-3 ¢.c. of a well- 
centrifuged 10 p.c. suspension of herpes virus. Next morning the suspension was shaken and 
centrifuged very lightly. The supernatant fluid was replaced by sterile saline to bring the con- 
centration of spores to 4,000-12,000 per c.mm. Injected into one carotid artery of each of 13 
rabbits, 0-5 ¢.c. of this mixture led to no apparent ill-effects. (Other animals showing nervous 
symptoms within 24 hours of injection—see Hurst and Cooke—were discarded). 

(b) The injection of preparations similar to the above, except for the replacement in the 
final suspension of sterile saline by a 1 p.c. solution of gelatin, led to herpetic infection in 3 of 13 
rabbits. The titre of the original suspension was 10~, that of the final suspension of spores and 
bee 10, ie. each rabbit received 2,000 M.I.D. virus as measured intracerebrally in mice given 
0-025 c.c. 

(c) Histologically in all 3 rabbits the distribution of lesions pointed to a primary en- 
cephalitis. 


Rabbits Injected with Herpes Virus and ‘‘ Mayonnaise’’. 


We added herpes virus in a final concentration of 0-1 p.c. to the ‘‘ mayonnaise’’ previously 
described. 0-5 ¢.c. of this preparation contained 2,000 M.I.D. virus as measured in mice. We 
have shown above that much stronger suspensions containing herpes virus alone are usually 
needed to induce infection by the intracarotid route of inoculation. Injected into the carotid 
artery of rabbits, the preparation in question led to herpetic infection in 9 of 23 animals. 
Histological examination and titration of the virus in the brain and dorsal cord showed that all 
but one of these positive results were due to primary cerebral infection. Specific necrotic lesions 
in the liver and adrenal were much less frequent than in the controls receiving 2 p.c. herpes virus. 


Histology. 

In no ease was it possible, even in serial sections, to trace the cerebral infection to a single 
spore or fat-globule. No nuclear inclusions occurred in the endothelial cells of blocked capillaries. 
These were so numerous that in any but the earliest and non-symptomatic lesions the chances were 
greatly against incriminating a particular spore or globule in the initiation of the disease. 
However, in cases where the infective process was not too advanced, the most severe lesions lay 
always on the side of inoculation, and especially in those territories where many capillaries had 
been blocked. In only one instance did we see a small focus of ischaemic necrosis; it and its 
surroundings were wholly free from herpetic lesions. 

Roughly half the rabbits developing herpes after intracarotid injection of 
virus alone suffered from a primary encephalitis, and half from a primary myelitis. 
If, however, a much weaker suspension of virus, and one but rarely causing sympto- 
matic herpes after intracarotid inoculation, were associated with a suspension of 
toadstool spores in 1 p.c. gelatin (but not in sterile saline-solution ), all the rabbits 
infected developed primary encephalitis. With “mayonnaise” and herpes virus a 
still greater proportion of positive results was obtained, and nearly all cases of infec- 
tion were primarily encephalitic. An occasional case of primary myelitis in the 
‘‘mayonnaise’’ experiment is not surprising, since we have already mentioned 
(Hurst and Cooke, 1942) that many of the fat-globules are of a size enabling them 
to pass readily through the cerebral capillaries. These results show that the sub- 
stances chosen as emboli carry biologically-active substances—in this case a virus— 
and favour their deposition in the capillaries of the brain. They also suggest that, in 
low concentrations in the blood-stream, the virus alone does not readily pene- 
trate the cerebral capillaries ; to this extent they support the belief that, usually, 
primary visceral infection is followed by an ascending infection of the neural 
paths to the dorsal cord. 


VIRUS INFECTION OF THE NERVOUS SYSTEM 137 


DISCUSSION. 


Taking all the facts assembied in this paper into consideration, it is most 
reasonable to conclude that the viruses of herpes and of pseudorabies, when injected 
intravenously, first infect the viscera ; from these they ascend to the dorsal cord and 
thence to other parts of the nervous system. Occasionally the olfactory bulbs 
appear to be infected independently, suggesting the possibility that virus may reach 
them from the nose. The virus of infectious myxomatosis, on the other hand, ap- 
parently reaches the nervous system from the bloodstream. 

Drugs increasing the permeability of the blood-brain-barrier do not, except 
possibly in rare instances, facilitate penetration of the cerebral capillaries by the 
viruses of herpes and of pseudorabies. When the former virus is injected in suffi- 
cient concentration directly into the vascular system of the cerebrum, a certain pro- 
portion of animals suffer from primary encephalitis. Even these, however, may 
show specific necrotic foci in the viscera ; from these foci virus can, and in fact in 
some encephalitic and in other rabbits, does ascend to the dorsal cord. Weaker con- 
centrations of herpes virus, by themselves rarely producing infection, may cause 
primary encephalitis if they are associated with, and presumably carried by, 
capillary emboli; although virus must have passed through the capillary endo- 
thelium, we were never able to demonstrate traces of its activity in the vessel-walls, 
so that even in this case the evidence of the route of infection is deductive and in- 
direct. 


SUMMARY. 


Injected intravenously into rabbits, the viruses of pseudorabies and of herpes 
may be detected first in the viscera, where specific necrotic lesions ultimately 
develop. They later appear in the spinal ganglia and dorsal cord (at approximately 
the same time in the case of herpes virus), and finally in other parts of the central 
nervous system. Occasionally the olfactory bulbs may be infective before other 
regions of the cerebrum. 

Injected intravenously, the virus of infectious myxomatosis is distributed at 
random throughout the nervous system. 

In most young rabbits infected intravenously with the virus of herpes, the time 
of appearance of nervous symptoms and/or of death is shorter than in most mature 
animals. 

The minimal dose of methylene blue needed to stain the nervous system at a 
given interval after intravenous injection depends on the brain-weight rather than 
on the body-weight of the animal. Preliminary administration of theocin or of 
adrenalin and pituitrin usually increases the intensity of staining. No such effect 
was noted in the case of trypan blue. 

With possible rare exceptions, the administration of theocin or of adrenalin 
and pituitrin immediately prior to intravenous injection of the viruses of herpes 
or of pseudorabies does not lead to their random distribution throughout the nerv- 
ous system. 

Intracarotid inoculation of herpes virus in sufficient concentration is followed 
by primary myelitis or primary encephalitis in approximately equal numbers of 
rabbits. The addition of a suspension of toadstool spores in 1 p.c. gelatin, or of 
‘‘mayonnaise’’, to much weaker and usually ineffective concentrations of virus 
leads almost always to a primary encephalitis, if infection follows intracarotid 
inoculation of the mixture. 

The conclusions drawn from these observations are discussed briefly. 
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